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AFIT/GCE/ENG/87D-4

A bstract

The Pilot's Associate (PA) Program has been initiated to help mitigate the

extensive workload of the fighter pilot. To operate effectively, the PA system must

have situation awareness: the status of important on-board and off-board systems.

This knowledge is gained through sensor systems. The data from these Svstems
must be fused together to present the PA with a coherent picture of the iiiternal

(on-board) and external (off-board) states. Although many types of informat ion can

be extracted from sensor data, this paper emphasizes those parameters that help

determine target track. One common technique for fusing sensor data uses Iahnan

filters. In a multiple model adaptive filter (MMAF) system, the most appropriate

Kalman filter is chosen. This filter provides the ;best -estimates of the desired

states.

An operating MMAF system continually selects which filter to use as the basis

for the state estimates. The overall accuracy of the system is closely related to liow

well the filters are selected. Previous filter selection techniques have proved useful,

but limited. To overcome some of these limitations, an expert system. IKREST,

was developed so that expert rules could be used to select filters. Although no

quantitative estimate of improvement is available, the MNIAF expert stated that rI

KREST exhibited a potentially significant improvement over the previously used

filter selection techniques. -•
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KALMAN FILTER RESIDUAL EXPERT SYSTEM

I. Thesis Introduction.

1.1 Overview.*!

The Pilot's Associate (PA) Program has been initiated to help mitigate the

extensive workload of the fighter pilot. Its purpose is to have a computerized "'co-

pilot" relieve the pilot of time-consuming tasks so he can concentrate on targets,

threats, and terrain. Key to this system is an appreciation of situation awareness: I

the status of important on-board and off-board systems. This knowledge is gained

through sensor systems. The data from these systems must be "fused" together to

present the PA with a coherent picture of the internal (on-board) and external (off-

board) states. Although many types of information can be extracted from sensor

data, this paper will emphasize those parameters that help determine target track.

One common technique for fusing sensor data uses Kalman filters. In a nmltiple

model adaptive filter (MMAF) system, the most appropriate IKalman filter is chosen

to provide the "best" estimates of the desired states.

1.2 Thesis Statement.

An expert system can be developed, using expert knowledge of laliian ,iter

characteristics, to select the "best" estimates of the desired state information fr o

a sensor fusion system using such filters.

1.3 Introduction of PA program and need for sensor fitsion.

The Workload of t lie fighter pilot ha.s been steadily i ncreasilig. 'lOlaYs Aloh t

is expected to keep track of a nivriad of systenis and sub-systems. cliecking Ihem

4'



for anomalies, while simultaneously engaging a target and possibly evading a hostile

threat. "The number of tasks he needs to perform far exceeds the number humanly

possible" [18, p.1]. This workload will continue to increase as the next generation of

fighter aircraft introduce new sensors to which the pilot must respond.

The information content of the sensor "subsystems" is steadily increas-
ing through innovations such as active-element phased-array radar an-
tennas, focal-plane array infrared sensors, on-board digital terrain and
feature storage systems, high-sensitivity with high-angular accuracy anti-
radiation sensors, improved navigation sensors and integrated communi- -

cations systems [5, p.1330].

The problem of information overload can occur when an individual receives

more data than he or she can assimilate. When the fighter pilot experiences this

problem, he may begin to subconsciously filter out internal or external state infor-

mation. Internal state information includes the status of his aircraft and weapons.
External state information includes the location of threats, targets, and terrain f'a-

tures. By ignoring portions of the data being presented to him, the pilot can concen-

trate on his prime objective. Unfortunately, sonie of the information not rea c 'hi ng %g

the pilot may be crucial to the accomplishment of his objective. It may even be

crucial to his survival.

Before we proceed., two relevant terms need to be defined: artificial intelligence

(AI) and expert system. The definition of Al is nebulous. For this paper, the

working definition shall be "those attributes which provide a computer system with

the capability to solve problems which are currently better solved by humans." The

term "expert system" is defined as "... a computer program that siiulates a iimiaii
expert in a certain field of knowledge" [20, p.1]. ,I

To alleviate the workload of future fighter pilots, the Defense Advaced Re-

search Projects ,.\gency ( DA RP.\) has created the Pilot s Asso iate (P A;\ ) liu ,, i.

Tlie specific pin 'pose of this program is to demonstrate a nid evalu ate the i s ,I ' AI "

0k-NXA
FA&0

Aw

* .~, ~ . -- ~ . - ~ . ~ - -% ' ._



and expert systems for increasing the effectiveness of future combat aircraft [5, p.3].

A more thorough definition of PA is provided by Robert G. Eisenhardt:

Primary functions of the Pilot's Associate are to generate information

from available data sources, make assessments and draw conclusions in
time domains inaccessible to the pilot, initiate direct action where hu-
man response time is limiting, and provide the pilot/crew with selected
data/information in a manner that incorporates the pilot in the system
in the most efficient manner. Its objective is to ensure that, from the
system as a whole, the most tactically effective decision will always be
made during combat. [4, p.54]

The kernel task of the PA system is the retrieval of available sensor data and

the development of assessments based upon that data. Without this "real world"

information, the system can neither suggest nor initiate logical actions. For exam-

pie, consider a ground-attack mission in progress. The pilot basis all his actions

upon his perception of internal (e.g., fuel level and weapon load) and external (e.g.,

threat aircraft locations and weather conditions) state information. By organizing N

and examining this data, a system (human or coinputer) can develop an informed

response.

A significant problem with perceiving the external state is the uncertainty 0

associated with the sensed data. Certain sensors are designed to provide various

types of information about potential threats. Types of information desired in a next

generation tracking/identification system include [23, p.1452]:.

1. Track Number.

2. Number of frames coasted.
3. Frequency.

4. Pulse Repetition Interval.

5. Angle of Arrival.

6. Elevation.

7. Range Rate.

8. Lethality (low to high).



9. State Vector (X, X(, Y, Y, Z, Z). ,s

10. Time to last measurement.

11. Target ID (e.g., MiG-21).

12. Range.

13. Threat Weapon Suite.

14. Current Time. Current Time.

Each sensor system has its own strengths and weaknesses and thus supplies

data with varying degrees of precision and accuracy. For instance, a laser rangefinder

may provide excellent range data and relatively poor elevation and azimuth data.

Relative accuracies of selected fighter aircraft sensors are given in Table 1. By

combining data from these various sources, using some type of sensor fusion (SF) -

process, complementary and competing interpretations can be combined to deter-

mine the most likely external state. This fusion process must take into consideration

the associated uncertainties in order to intelligently combine the data.

Table 1. Relative Sensor Accuracies.

Sensor Parameter Relative
Accuracy

Radar Range Good
Range Rate Good
Azimuth Fair
Elevation Poor

ESM Azimuth Poor
Target ID Good
PRI, RF Good

IR Azimuth Good ,

Elevation Good
Threat Warning Missile Approach Warning Good
IFF Friend, Foe, Neutral Good

Range Good
Height Good

solrce,: 12:1. p.1 1721
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There are actually two types of uncertainty that the PA will need to consider.

First is the uncertainty associated with the data. This includes both accuracy and

precision. This is the type of uncertainty that will be addressed in this paper. The

second uncertainty deals with the logic used to combine the sensed information.

For instance, assume the radar has identified a target with a certain amount of

accuracy and precision. Also assume the infrared search track (IRST) system has

also identified a target at a position close to that identified by the radar. The system

may choose to assume these "targets" are actually a single target or that there are

really two targets flying in proximity to one another. The system should provide the

confidence level or measure of certainty associated with this conclusion.

The data from the individual sensors tend to be very noisy. One technique that

has been used extensively in "cleaning up" the data involves Kalman filters. (See

Section 3.1 for more information on Kalman filters.) In this application, a Kalman

filter may be thought of as a black box whose input is the data from one or more

sensors and whose output is one or more desired parameters. For instance, the input

may be the sensed X-direction position while the output is the velocity in that sam.e

direction. The filter uses feedback and weighting functions to determine the -best" %

estimate by comparing the previous estimate with newly sensed (lata. For example, _

consider the case where the X-direction position datum was 2000.00 kin and the

resulting X-direction velocity estimate is 360 km/hr. If a new datum is taken every ,
second, the next value should be 2000.10. If the actual datum is 2000.08 then the

velocity estimate needs to be changed and/or the datum is incorrect. The weighting-

functions can be tuned to emphasize the actual data or the estimate of what that

data "should" have been. If the actual data is emphasized too much, the out)I\t will

become noisy just like the input. However, if the estimate of the data is emlhia-,ized

too much. the svsteni will not respond quickly enough to changes being indicated I)\-

the sensors.

0~ % 
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Sensor data fusion can take place at two points within the SF portion of the "1

PA. The fusion can occur after the data from the sensors have been "cleaned up"

by the Kalman filters, or it can occur within the set of filters. Research is being

conducted in both of these areas. Much of the current work within the AI community

in the field of reasoning under uncertainty (RUU) has attempted to merge the data

after the filtering process since the Kalman filters al-orithmicaily smooth the data.

Hence, the RUU programs can use data with much less inherent noise. Some of the

previous research in this field will be addressed in Chapter 2. Work being conducted

by Kalman filter experts has emphasized fusion within the filtering process. This

includes developing advanced filter models and improved filter selection techniques.

1.4 Expert System Justification

Donald Waterman has outlined several criteria that he believes a project umust

meet in order to show that an expert system is necessary [22, p.129]. These itms

are listed below:

" The task must not require common sense. The Kalman filter expert syste i

does not.

" The task must require cognitive and not physical skills. No physical skills were

required in this problem domain.

" Genuine experts must exist. A Kalman filtei -xpert was selected: Dr. Peter l

Maybeck of the Air Force Institute of Technology, Wright-Pattersul .\1IB. 011.

In addition to having several published pape:s *n this field. Dr. layiveck has

written several books on the subject [10] [11]. %-_

* Experts must agree on the solutions. Since only one expert was used, this

was not a problem. L\ numeric evaluation of t'e expert systeumi resuilts \would,.

in.dicate how well th' expert did at selectiiig '\almnan filters, howve,r it was

dccid,'d that a muuumrcric evaluation would b ),e 1) 11 tle sc o1cf h I Is n(':'rclc .

IRJ



e The expert must be able to articulate his reasoning methods. The expert was

confident that he could select filters better than the original system, but it

was not clear what the basis for this selection would be. Much of this research

centered on identifying the information needed by the expert to make the

decisions.

* The task must not be too difficult nor poorly understood. The final goal,

selecting a filter, was easily understood, however the actual selection process

was not. By presenting the expert with information he felt was necessary, both 0

the expert and the knowledge engineer gained a better understanding of the

filter selection process.

Donald Waterman also identified criteria to justify the development of an ex-

pert system [22, p.130). Several apply in this case:

" Is human expertise scarce? While the overall operation of multiple Kalman

filter systems is well understood, the limitations associated with filter models

is not as generally understood.

" Is the expertise needed at many locations? Yes, since this type of system would

eventually be executing in real-time on-board a fighter aircraft..

" Is the expertise needed in a hostile environment? Yes, for the reason listed

above.

1.5 Scope of Researych

The purpose of this research was to investigate the use of ai Al t'clhtihlm' t(,

help improve the sensor fusion capability within the halman filter system. Specit-

ically., this required that an expert system be developed using expert knowledge o4 %

Kalman filter characteristics, to select the "best" estimates of desired paraiceier,.

Some type of .simulaltet multiple imoiel lKaliimi tilt r proi~raiii wa. i'd t,,,

('welo) tlie expert, s .,telli. Ideally. this prograin should whai sintilat('il lie fwHmiin I'

•7%'



data from fighter aircraft avionics. Since this type of Kalman filter software was not

available, we chose to build an expert system to evaluate the filter selection process of

an existing Kalman filter program which simulated five discrete filters. These filters

did not simulate sensor fusion. However, according to the expert [14], improvements

resulting from the use of the expert system should be extendable to filters comblining

and contrasting data from multiple sensors. This results because the expert system

does not reason over the input to the Kalman filters (i.e., data from one or more

• sensors), but on the output from the filters (i.e., the state estimates, residual values. ]

etc.). An expert system could be designed to be oblivious to which sensor or set

of sensors prov,,es data for each filter. However. this type of information may be

useful in enhancing system performance.
r

After identifying the Kalman filter simulation program to be used. t hree major

tasks remained, constituting the bulk of the research. These tasks were: to determine

from a Kalman filter expert what basis he uses for selecting the best filter, to acquire

9and encode this knowledge in an expert system, and to compare the performance of

that expert system with the current filter selection process.

1%
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II. Historical Development

Before delving into historical approaches to reasoning under uncertainty and

Kalman filter developments, an appreciation for the mission of the Pilot's Associate

will be given. By reviewing the various modules of the PA and how they interrelate.

the reader can gain an appreciation for the types of information required from the

SF portion of the system. Following this discussion, some of the past and present

techniques of reasoning under uncertainty and Kalman filter usage will be presented.

2.1 Mission and background of the .P.4 system.

The concept of the Pilot's Associate needs to be partitioned in order to keep it

manageable. There have been several attempts at identifying the major components

of the PA system. Kenneth Maxwell and James Davis have identified three major

components: the Pilot/Al Interface, the Al System, and the Al/Vehicle Interface 0

[15, p.91]. They further divide the Al System into Knowledge Bases and Control

Structures (15, p.91]. Dr. Teichgraeber also identifies three components: Situation

Awareness, Tactics Planning, and Internal Systems Monitoring [20, p.1]. A more

elaborate division of PA components is provided by Major Frank'ovich and Messrs.

Pedersen and Bernsteen. They identify three possible divisions of avionics tasks as

part of the PA system. Their minimum configuration has four components: Flight

4 Systems, Offensive Systems, Defensive Systems, and Status and Configuration ,r!.

p.1332]. While there may be merits to each of these partitionings, a cl;irer 'lix'i it

is provided by Robert Fisenhardt. lie identifies tlie followi vg i 'e major , ,II I l,,4,I( .,

Pilot/Vehicle Interface. Mission Manager. Tactical Mlanager. Situation .\witr,,els,

M anager. and Systeni Status M anager [-I. p.51]. In t lls orgianIizat lil. thiS .A .L;la - r

is responsible for ,controllingn f i s, s,se ,,' ,L1t1 I 1 t, ,- i...
re >,msibi litifs ic r' t rol li n t l i (),1" asst nir ea t ors r.d.. " a.l I

,,'loijltv ;1itl1 rlm\if lll, tal,'t classilic;tioil i ilrrn olim i li lill /lt 1.I

"'
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The functional diagram developed by the AFWAL Pilot's Associate Program is

very similar to that identified by Mr. Eisenhlardt, except that the PA I'rograiii versioni

provides a separate manager for controlling and integrating the sensor resources.

This manager will be referred to as the Sensor Fusion (SIF) Manager. Alt bouigh tile

SF Manager is not strictly part of the PA system, its function is key to that Systeml's

mssion. As with any computcr program, the performanice of the PA systelmi canm

only be as good as thie data beinig entered in. This partioning, shown in Figure 1,

will be referenced throughout the remainder of this paiper.0

Figure 1. Pilot's .Associate Block lDiagrani

[I. p.9]

.1. 1 FPilof/lch1cle Interface. Ilme lilot/Vt I -l Iiterhie(h\ illa,

significant impact onl how thle whole PA system is accelpted hy III td( [mm he

IWWV wfeaponI/,emsor syst mmPi Imae retpimil re ; Iltlt t o hLe't rat k 4 ioie ti 1' %

atirm islY at tcI~~lpI,-; to 1 p i iil N, .1 $- . ltp ot w W t lt 1

w l IIin M .] at 4)1,Ile 11II W II( t'l, %-I~ lw I' c l a ll1) l1 , 11, 4 l.0 11('1 1 I I)Wl I it



PVI must present information to the pilot in a quantity and mode that will allow

him to evaluate the situation and select appropriate responses in a minimal amount

of time, without becoming saturated [15, p.901.

The quantity attribute of presented information is related to the concept of

Miller's Magic Number Seven [8]. This limit refers to the number of simultaneous

tasks which an individual can keep track. As the pilot becomes busy (such as when

attacking a target), the PVI should restrain from overwhelming him with data. As

the pilot's workload becomes lighter, more data can be presented to him without - ]

overwhelming his capabilities. The mode attribute of the PVI is another area of

investigation [15, p.91]. Several modes are available, including cathode ray tube.
heads-up display, control panel lights, buzzers, synthetic voice, etc. Htuman factors ,.

engineers, using techniques developed in cognitive psychology, will need to identify

the most effective means of conveying information to the pilot.

2.1.2 Mission Manager. The Mission Manager component of the PA is re- ..

sponsible for the navigation and route planning functions. This component must

identify a flight corridor which considers %

... tactical doctrine, aircraft capability and loadout (fuel, weapons, avion- 0
ics), mission objective, terrain, known ground threat locations, probable
threat areas, probable air threat, time windows coordinating the mission.
and target and alternative target locations [5, p.1332]. U
This manager is also responsible for responding to changes in the mission. If

the pilot is redirected to an alternate target or if he must discontinue his mission

due to malfunction/damage, the Mission Manager must provide the pilot with his .
new options [1, p.12]. 

2. 1.1 Tartical .lianaqer The Tactical Manager is responsible for coniai tn- U
;gagiunt oplions a1d weapon selection. This finct ion shall rec...om end to lhe

pIilht "inttulliget" course of action (e.g., tactics, tir;jectory. weapons (Icoce,, (,,l.

*t% '
'%



termeasures) to deal with the current combat situation" [1, p.11]. These tasks are

fairly well understood and have been researched, in part, by Captain Sobota. Her

thesis identified the process used by F-16C aircraft in the air-to-ground weapons de-

livery mode [18, p.9]. The main thrust of her research was to develop a mechanism

whereby a pilot could "tell" the computer the desired sequence for weapon selection.

This would allow the PA to know not only the proper sequence (which can often be

varied), but also the sequence that the pilot preferred. A complete Tactical Man-

ager would also include engagement options. This system would provide options to

ignore, evade, or attack a target, and, if necessary, a preference in how the target is

to be engaged [1, p.10].

2.1.4 System Status Manager. The System Status (SS) Manager is responsi-

ble for monitoring all on-board systems so as to identify, diagnose, and verify systems

that are malfunctioning [1, p. 11]. More specifically, the "... SS function shall monitor

the status of on-board expendable resources (e.g., fuel, weapons, etc.) and external,

cooperative resources (e.g., wingmen, AWACS, C3[ functions)" [1, p.11]. If impor-

tant. this information may be sent to other PA Managers. Information regarding

emergency situations would be sent to the Mission and Tactical Managers as well

as directly to the pilot through the pilot/vehicle interface. The SS will also pro-

vide a suggested course of action to the pilot to help minimize the severity of the

malfunction [1, p.11].

2.1.5 Situation Assessment Manager. This manager is responsible for deter-

mining the threat potential and intent assessment of enemy weapons and for assessing

the external environment conditions [1, p.10]. In other words, the Situation Assess-

ment (SA) Manager must "" .. provide the pilot and other major processors with as

complete and current a description (model) of the current external world as possible"

[t p.7)71. 1
liforniatnit) ,oitierninig thme state of the "'real" w rlI is sewnt from t lie S.\ N iii-
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* ager to the Mission and Tactical Managers. Thus, mission and tactical planning

can be performed in response to the changing threat. If a situation arises requir-

ing the notification of the pilot, the necessary information is sent directly to the

PVI for display [4, p. 5 61. If the notification requires an immediate response. the

Tactical Manager should be able to provide (and, in emergency situations, possibly

automatically execute) a suggested course of action.

2.1.6 Sensor Fusion Manager. The plethora of raw data might overwhelm

the SA Manager. In order to extract higher level information from this data. a

Sensor Fusion Manager [23, p.1451] has been suggested. Data entering this module

would be sourced from the identify friend/foe system (IFF), radar, infrared search
track (IRST), electronic support measures (ESM), inertial navigation system (INS),

and conmmunication links [4, p.58]. This module fuses the measurements from these

sources "... to formulate a 'single picture' of the surveillance volume 'seen' periodi-

cally" [23, p.14 5 11. This fused data may be presented to the pilot, used to update

fire control data, and/or sent to the SA Manager. The Sensor Fusion Manager also

uses this data, primarily for sensor allocation and management [4, p.57].

The performance of the other managers is dependent, at least in part, on the

SF Manager. Thus, any improvements in the performance of the SF Manager should

result in improved overall performance of the PA system. Because of this, the SF

Manager was selected as the basis for research in this paper. The remainder of

Chapter 2 will address previous efforts to improve the sensor fusion process.

2.2 Previous sensor fusion research.

One of the primary reasons for having sensors on-board tactical aircraft is to

provide the pilot with an improved sense of situational awareness. This awareness

falls into several categories. These categories include: navigation ("W\Vhre am I.' ").

system status ("Is everything okay?"). target detection ("Is anyone out there?"),

13
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target tracking ("Where are they?"), target identification ("Who are they?"), and

threat assessment ("Who's my biggest threat?"). To get this information, sensor

data must be fused and interpreted.

The problem of sensor fusion stems from the fact that there is no ideal sensor

providing totally accurate and precise data over all sensible domains. Since data

from multiple practical sensors may be repetitious, complementary, or conflicting.

techniques have been developed to synergistically merge the information to provide
@

the most realistic view of the "real" world.

Three categories of techniques have been developed to address the fusion prob-

lem. The first uses Al techniques that were developed to facilitate reasoning under

uncertainty. This technique uses processed data that may have been refined by 1

Kalman filters. The second technique is a hybrid one that attempts to address both

the post-filter RUU techniques as well as the processing of the raw data that oc-

curs within the filters. The last technique concentrates on the processes that go on

within the Kalnan filter system, using expert knowledge to make improvements in

performance.

2.2.1 Reasoning with uncertainty techniques. A fairly comprehensive review S

of current work in handling uncertainty in expert systems has beeii written by P'.P.

Bonissone [3]. He concludes that there exists two basic approaches to representilng

uncertainty: numerical and symbolic characterizations [3, p.2].

2.2.1.1 Nurneric Approaches. Numerical approaches are characterized

by values represented by a single number or an interval. This method is most useful

when the relationships and independence between variables can be fully descril)bel.

Since specific numbers are involved, a calculus is usually developed for con1 nif n .

and separating valiles of interest. The iise of oie type of un uicrical claractioia-

t im . lVi% nlitial IReasoliiig, in the hnl~ ail of sensor ftiioii has ,ecli i i a l \ -

l'hioiiias ( ;r'.a'\%.,



.41
Evidential Reasoning. Work by Thomas Garvey, et al., has fo- -6

cused on the use of "evidential propositional calculus" [6, p. 3 19] for the purpose of

electromagnetic signal identification. This technique is known as Evidential Reason-

ing and considers both reasons for supporting and negating certain conclusions. This

method is based primarily upon the Dempster-Shafer theory [3, p.)]. The represen-

tation for each proposition has a lower and upper value. The lower value, denoted

as s(a), represents the support of that proposition. The upper value, denoted as

p(a), represents the plausibility of the proposition. "Support may be interpreted as 0

the total positive effect a body of evidence has on a proposition, while plausibility

represents the total extent to which a body of evidence fails to refute a proposition"

[6, p.320]. Using this notation, a proposition A may be written as A[s(A).p(A)]. The

following examples further explain the use of this notation:

A [ 0, 1] No knowledge at all about A.
A [ 0, 0] : A is false.
A [ , 11: A is true.
A [.2, 1] Evidence partially supports A.
A [ 0,.8] Evidence partially supports \={A}.
A [.2,.8] The probability that A is true is

between 0.2 and 0.8.

A [.5,.5] The probability that A is true is S
exactly 0.5.

The use of this notation provides a continuum of representation from the one

extreme of Boolean logic (which allows only true or false conditions) to the other 0

extreme of Bayesian logic (which allows for uncertainty). Given this notation and two

statements A[s(A),p(A)] and B[s(B),p(B)], three basic logical functions are defined

as [3, p.9]:

Intersection: C = AND(A,B)
where s(C) =max(O, s(A)+s(B)-1)
and p(C) = min(p(A), p(B))

Union : C = OR(A,B)

%4% ., ,.-
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where s(C) = max(s(A), s(B))
and p(C) = min(l, p(A)+p(B))

Negation C = NOT(A)
where s(C) = I - p(A)

and p(C) = I - s(A)

This technique was used to fuse data from simulated passive electronic support

measures (ESM) sensors [6, p.322]. These sensors would identify in which radio

frequency (RF) and pulse width (PW) ranges the threat radars were operating. 0

This example could be viewed as the fusion of threat identification information from

an RF sensor and a PW sensor. The system is provided with a knowledge base

of unique RF - PW signatures for the known threats. When a simulated threat

radar signal is received, the RF and PW characteristics of the signal are compared

with those in the database resulting in pairs of RF and P\V support and plausibility

values. By combining the likelihoods that the threat has an RF like that of Threat

X and a PW like that of Threat X, a unified set of support and plausibility values

may be assigned. By repeating this for each threat in the knowledge base, a best

estimate for the threat identification could be reached.

This technique may yield useful results when identifying a target from a tabhl e

of targets. However, the problem of target tracking does not lend itself to this type .

of selection process. Since a target could be at any place within a range of locations.

a single datum would be insufficient for generating a support - plausibility pair.

2.2.1.2 Symbolic Approaches. The symbolic approach lends itself to

those applications where the information provided tends to be subjective or have I
imprecise relationships between variables [3, p.2]. The basic premise of each of I lese

representations is to define variables in such a way that they can l)e combined to-

gether in a logical and intuitive manner. The use of a symbolic characterization. 1%
speci-ally 1he he'lorv of tndorsenments, has been consid ered by the Tlireat lxpr -

.\nalvsis Systern ('EAS) [19] program and by Shafer [17].
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Threat Expert Analysis System. The Treat Expert Analysis Sys-

tern (TEAS) program is also investigating the use of sensor fusion in the fighter air- !-

craft domain. For this program .the desired results are recommended solutions

for threat response and threat prioritization in real time" [19, p.1]. As the author ,_,

Ia

rightly points out, "In the threat assessment and reaction domain, as in any domain

which includes aspects of the real world, uncertainty plays a major role. Virtually

any piece of information is uncertain to some degree" [19, p.2]. 'More specifically,""',

the pilot's uncertainty falls into one of nine categories:

Direct Ignorance: The knowledge of a problem with no knowledge of the details.

For instance, a pilot may know there is a threat in the environment, but have
no information about its location.Indirect Ignorance: The lack of knowledge that a problem even exists. S

Partial Knowledge: The knowledge of enor f the details surroun-ing

a specific problemn.

Insufficient Precision: The resolution of the sensed data is not adequate to make }
some determination. For instance, range information from a radar may tbe so
coarse that two targets flying in close formation cannot be separated. ".-

Inaccurate Sensors: Sensors that provide biased or wrong information. As an ex-
ample, an INS will tend to drift producin in real te [19 pcreasingly biased.

Unreliable Sensors: Sensors that do not always operate correctly. SinCe any isn-
sor an malfunction the results from that sensor shouel be viewed stochle.ti-
callv and not deterin istaidMically,

Countermeasures: All types ofd and passive ieans used bg an ollent to 
deny, degrade, or deceive a sensor. .%in ve

Conflicting Information: Inconsistent information that is presented b two or
more sensors. This can occur when one or more of the sensors suffers fro
oPie of the other types of sensor uncertainty. For instance, if the radar is bsurrou
Jammed throbgh the use of decoys, the radar's returns will probabl conflict.

with those of tile IRST.":.'
Old In formation: Th the dependence of data and the fact that data from vaeis

sources is probably not sensed at the exact same time. This Is especially teo
in the rapidly changing fighter aircraft domain [19, p.3]. spae

In ,cv lotieSn frase:ork for solving the oirhlns of ituation AsI ,1 a"' -x-

a s caction. ,he anthors hae coltsude that svinolic methodl s v m'ediriai-\

ca1y a

Countermeasu"LL ,, t ' t :.+ r es: ., : Al types of e ad psie mn ud a o t t

den, egrde ordeeiv asenor



representation should be used. The purpose of the situation assessment function

is to develop as many logical interpretations of the sensed data as possible. giving

each one some type of certainty or likelihood value. The function of reaction is to

determine the best course of action that will "handle" as many problems as possible.

"Often, what is sought is not necessarily a course of action which 'wins' in each

interpretation, but rather one which does not 'lose' in any interpretation" [19, p.6j. %1%

Whiteboard Architecture. The use of symbolic reasoning in (level-

oping a framework for sensor fusion has also been researched by Steven Shafer. et

al. [17], this time in the development of an intelligent mobile robot. Their work

was done at the Carnegie-Mellon University Vision Lab using a mobile robot vehicle

called NAVLAB. The result has been the development of a "whiteboard" arch itec-

ture having distributed concurrent software modules and a database/communication "

system for fusing sensed data [17. p.1]. A "whiteboard" architecture is defined as

being ... heterarchical like a blackboard, but each module runs in parallel with the 0

module programmer controlling synchronization and data retrieval requests as best ,

suited for each modiuh" [17. p.5]. This architecture readily lends itself to a parallel %.J,

implementation.

The purpose of Shafer's research is to develop an autonornously navigating

vehicle. Sensors used by the system include mono and stereo TV cameras, an EPIM

laser rangefinder, and sonar equipment. Each type of sensor has a dedicated S'N

workstation that is linked to the other SUNs using an Ethernet connection. A fourth

SUN, also connected via the Ethernet, is used to maintain the local map database

and for planning the activities of the system.

The NAVLAB system reportedly uses three types of sensor fusion. These are

competitive, complementary, and independent. Competitive data either reinforce or"

conflict during the fusion process. This type of fusion is often used win-il the she w-.

proluce I lie sanle tylpet of data. For examnplle. two soiiar sensors iiiv Ima d ty I]1i' m.ot "

,1
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obstacle at slightly different positions. Complementary data is returned when the -

sensors have differing characteristics (e.g., field of view, resolution, range, etc.). In

this case, sensors are used individually to enhance their strengths while attempting

to cover their weaknesses. As an example. the TV caincras may be used to coarsely

locate an obstacle following which the laser rangefinder is used to precisely determinC

the obstacles position. Lastly, independent data is derived from a single sensor in a a
kind of "non-fusion" mode in which a single sensor is used to perform a specific task

[17, p.18]. For example, when looking directly into a bright sunset, only one sensor 0

(possibly the sonar equipment) may be able to detect obstacles.

When fusing data. NAVLAB primarily uses the complementary technique. As S

the system attempts to navigate through a portion of road by finding an olbstacle-

free path, specific sensors are used in a basically programmed, independent mariner. it I

WVhen these sensors "'need help" due to limitations in coverage. etc.. other sensors

are activated to provide the missing data. While this coniplementary type of data

fusion mav work well in a relatively slow-moving, simplistic "threat" environment. :
its iuse may not be indicated in the dynamic and complex en vi ronment of the mo lern '.

fighter aircraft. In this more demanding domain where sensor returns may often be

competitive in nature. sensor fusion will often be required at the signal-level. Thus.

the problem is not simply connecting data. but one of fusing them together. Z

While symbolic reasoning may be appropriate in solving the sit ualion assess- "_

ment and reaction problems, tihis technique may not work for the sensor f'i il

problem. Fli use of symbolic reasoning is intuitiv'ly closer to how humans hink .,.P.

through problems as opposed to the numerically-based sensor domain. \, such.

symbolic representations are indicated on the "pilot-side" of the Pilot's Associate

system. This includes the PVI, Mission Planner. Tactical Planner. anl po-silblv -

even the Situation Assessment, modules. The "sensc side" of the system. ircliiliill

processi lig of t he sig, nal wit hin t he sensor as \\'.ll a., t I,e e.Isor F1,i ',ll I II, 11, I'1, 1-

itself to a rimi11lcriC reIeseltation. 0

.. 'N.,,
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2.2.2 Composite Approach. Ronald Yannone has chosen to consider both the -6

numeric sensor data processing and the symbolic expert reasoning processing within

the same system. As he states:

It is anticipated that a high percentage of the fusion function will be
computational and that some "expert" reasoning might be used. The
fusion expert would bring to bear the following features in order to assign
a quality factor to each composite track file entry: mission information. %
geography, potential -Intent" of the target, probability of detection and -
false alarm, a priori information regarding anticipated threats, the threat
class, kinematic state vector, and sensor measurement accuracies [23.
p. 14541. 11

The suggested framework for implementing this system is shown in Figure 2.

The sensor data are "cleaned up" using dedicated signal processors. From there.

the signals are sent to track processors so that threat track files can be developed.

The common reference alignment block performs the necessary temporal and spatial

shifts of the track files from the various sensors. Fu towing this, the tracks are

merged together in the intertrack file association module. The fusion that occurs

here is performed by one or more Kalman filters. The resulting composite track file is

then sent to the Situation Assessment/Response Management module for evaluation.

This module performs a function similar to that of the Situation Assessment and

Tactical Mission Planner modules of the Pilot's .\sociate (see Figure 1). At this ",.,",

point, a rule-based expert system utilizes symbolic knowledge to reason over the new

information, update the database, and suggest/initiate intelligent resJM),ses. lis

is similar to the tlvbrid Multisensor Fusion Data Flow lodel devel,,,',l Iv ., iitii

Reiner [16. p.1--19]. Si
The process graphically presented in Figure 2 clearly separats the' cttor t

fusion process which occurs on the "sensor-side" from the sit uation asstes1meut fimc-

1ion1 which is perfr Ied ont the "hiiittiatr->nhe 'Ift tt,,' CMr p,sl t,' tyik 11a- ,'i ,

'ro It', hleh' vili'itv tdf in' results prt,1uit'r 1v ti, it, ttia t s-('--ttt'tt exi 't I"
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track file. This , in turn, is depenident uiponl how t lie t racks are bll i g filSed toget I lr.

WVhat criteria is used to fuse thle t racks') Is amy sign ificaiit i iumtiubeing luo t inii

t 1iis fusion p)rocess:! Tl e Ai1r Fo rce %\I ghI t Aecro i I fIcalI La bora;tt ore is F A 1 . 1 i s

cescarchixlig ways to ii itehhigcuitky control the data fihiotil pnIo( -S I It 4)( IIM Wit 11M %

a K~almani filter svstcmi. Part of tis wvork is out liiieu III t Ie( foil wii lm,

2..3 .1itipit Kalmian [1tc7- Approach. R o!4oli kP r retI Iv Ic bIg pm I-

soredl by A FW\AL to inivest i gate tilie 'use- of alli expert S \stf-I III iii rn, s letv We ii

01111), iatioiis of uIM%-;ttuiil sen'sos t Ihat Imss th1)rouigh I\uunu ';It I. I. I 1.- [I('1

project, known ais the Adaptive Tactical Navi~atioii i VX) sYste(., is, j )il n I It 41ii

ex 1 (it kuiow..lt-lgf aIkout ike quidiit V. availalbihity ;1114 a F ~~~It '.i i V I,

S()IliCflS of poci tion ated ' or \('l( ity ' iIi ~ti Iui he i l 1p''Se 'I t, A~ I .
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aircraft" (2, p.1].

The navigator portion of the ATN svstem receives data from various sensors:

1. INS (Inertial Navigation System).

2. GPS (Global Positioning System).

3. Barometric Altimeter.

4. TERCOM (Terrain Contour Matching).

5. SITAN (Sandia Inertial Terrain Aided Navigation).

6. JTIDS Datalink (Joint Tactical Information Distribution System).

The ATN uses a Basic Navigation System (BNS) that has a set of four I\alman

filters to track the performance of various combinations of sensors. This is slhown

graphically in Figure 3. (Note: The INS/Barometric .\ltimeter combination is not.

strictly speaking, considered a Kalman filter [2, p.4].) The resulting states, SO

through S10. provide "best-guesses" of the current kinematic state of the aircraft. In+

conjunction with the BNS is the Expert Navigation System (ENS) which monitors

the operation of the BNS to help identify anx" problems or special situations that

may arise.

Once the ENS determines that the currently selected sensor combination is %

providing inaccurate results, it determines the location of the fault [2. p n. )ce

the fault has been located, the ENS will determine if the navigational data ,h1oiilh

be taken from a different sensor combination ani. if so. which one. TO pcr',) • m

this function the ENS is given a priori knowledge of the quality of various elsor'

combinations. This knowledge is represented in Table 2. As an example, if the

primary mode (SO) becomes non-operational. the first backup modes t I)e 1WMsilr,',l

are S1 and S2 depending upon where the fault was located.

The sensor fusion technique selected by AF W . I.l at t erupts t, ql ]1;i ll t he Il -i

i ,nI (if [Kalua l tilT s bV isiI g expert knowl,,t. '"
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S Table 2. ATN Navigation Modes.

Symbol Sensors
so INS. GPS41

Si GPS4
S2 INS, GPS3
S3 INS, SITAN
S4 INS, Doppler, SAR/LANTIRN
S5 IIS3 Doppler, IBaro
S6 GPS3, Baro

0S7 INS, Doppler
S8 INS, SAR/LANTIRN
S9 INS
S11 Doppler. LANTIRN

Source: [2. p.4]

The basic philosophy of the Expert Navigator is to integrate the exper-
tise and mission perspective of flight crews into the navigation process. *

along with the traditional algorithm-based techniques for managing the I

*aircraft navigation su .ite. ... Techniques developed in Al are appropri-
ate to integrate this human perspective and knowvledge gained through
experience into the knowledge base of the Expert Navigator. It is rec-
ognized, however, that algorithmic approaches such as IKalrnan filterivng V

provide information needed to form a logical basis for subsequent ac:t lll

* on the part of the flight crew. Consequently. these algorithmic tools are
integrated itnto but not supplanted by the overall AI\ framnework 'T7. p.3-11

As the I3NS updates navigational iniformnationi. the ENS checks for atnom.,il .wp

eg.sui~dden chanlges iii becat Ion/ x'elocit Y et'timatesx or large error 1i a Is y I S

IKalman filter). Once an est imate becomes -- ign ifica ni t 1 poor." t lie A\ I N, IV eIt

either the external sotirce of the data or with the eiisor of tha~t hll..te \WI

call Choose a different navigationll 1o1le. I'his tecliiiijie makes wii~e I-i ,I,--i

of niavigat ional dat a. The norma llv hi hilviite ( PS tipd atv pl)Vldl' "I'i

II i tia11 t lon. 0( )ii %\ 11 .11 Is S(111* lie lt 1i11'tl he ree e~i'V I i * j

I IiilI TH iii ll II,, IIe it I s'liuiild th III, ii V 1 e 1't a u1l15,e-4lit ll~t\ IL l! 14111 ,!
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Using a pre-sorted (i.e., primary, secondary, etc.) Kalman filter selection crite-

ria would not be appropriate for target tracking. No sensor stands out in the target

tracking problem as the GPS source did in the navigational problem. In addition."U

target tracking is often done with multiple Kalman filters, each tuned for a ,iffer-

ent target trajectory (e.g., benign, harsh vertical maneuver, etc.) Some mnechanism

must be used to not only select between Kalman filters receiving data from ,liffcrent

sensors, but also select between filters employing differing target trajectory models.
Since target trajectories can change rapidly in the air-to-air combat environinent.

this filter selection process must also proceed expeditiously.

The remainder of this paper will present a more thorough overview of Nalnian

filters and the development of a new Kalman filter selection process. This selection

process is a knowledge-based system that uses rules formulated by a Kalman filter

expert.
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Il. Kalman Filter Residual Analysis.

3. 1 Kalman Filter Overt'zew.

AKalmnan filter may be thought of as a recursive data processing algulitlitili.

This filter is recursive in that it uses a feedback loop to compare its uI pu~lt. t -stilte

estimiate, with the next input measurement l 0. p.21,71 A (liagram (tA ii~

IKalman filter is shoiwn in Figuire -4.0

+ 0
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at time ti. The value -:(ti) is the filter's best prediction of the actual measurement -6

z(ti). This prediction is computed by the filter at time t.. The difference between

the actual measurement and the predicted measurement is known as the residual and

is identified as r(ti). The residual "...is then passed through an optimal weighting

matrix K, and used to correct i(t,), the best prediction of the state at time instant

t, before the measurement is taken at time ti." [13]. For a full explanation of the

filter and associated notation, see [10] and [11]. The residual may be likened to an

error signal, although strictly it is not since the original measurement, z(t,). has S

uncertainty associated with it.

The magnitudes of the residuals are related to how well the matrices model

the characteristics of events in the real-world system. For example. two filters could S

be developed to track a target from radar data. One filter could be tuned for targets

moving at constant velocity while the other could be tuned for targets characterized

by constant acceleration. If the target did indeed travel at constant acceleration.

the "goodness" of the corresponding filter should be indicated by the relatively low,

residuals during its updates. The filter having the less appropriate set of assutlpt ions 6"

(i.e., that the target would have a constant velocity) is expected to have larger

rusidual values.

Filters could also be developed to combine data from different types of sensors,

each weighing such factors as individual sensor reliability and precision and the U
believed accuracy of the filter model. While sets of single-sensor filters could be

developed, the standard implementation is to develop one set of filters having access

to all related sensor data [13]. Allowing more than one sensor access to the IKahinan

filters provides a mechanism for sensor fusion.

Kalman filter residuals also provide the added benefit of indicating when a

sensor has begun producing poor data. %

When all lneasuring devices are operating correctlv, the dit[ereice si -
nals entering Ihe optimal gain matrix..r.[i.e., rsiduals]...shou l, be white t

27

Al-

*~ ~ . ~ S . P * q



0

sequences with zero mean and predictable covariance (or standard devi-
ation). If any of the residuals consistently differ from this description, a
measuring device failure can be detected and often isolated to the exact
device that is at fault [12, p. 3 9].

The actual cause of the problem may be due to a sensor malfunction, jamming. or

some other change in the system of interest or its environment that invalidates a

model which had previously been adequate,

3.2 Current filter selection process.

In a multiple-filter system, each filter develops its own best o'stimate of lic

desired variables (e.g., target location and velocity) as well as a residual associated

with that estimate. An example of this type of system is shown in Figure 5. IVe

final state estimate provided by the multiple-filter system is based upon a weighted

addition of the individual filter estimates. This weighting function is actually a con-

ditional probability derived from a Bayesian estimation of the residuals [11, Sec I. 

This Bayesian estimation is the conditional probability that the parameter value

produced by each filter is in fact the best estimate available, based upon that fil-

er's residual values up to that time. This value, known as the residual's hyl,, lsi-

conditional probability, shall be referred to as the residual's probability. The suni ,, -

these probabilities across all filters is one. The final weighted estimate is referi-d I.

as the Bayesian estimate.

An alternative to weighting the multiple ,alinan filter estimates is to select

the estimate from the filter with the largest residual probability. This technique is

known as maximum a posteriori (MlAP) state estimation 19, p.20). As an example. I
assume filters A and B have residual probabilities of 0.6 and 0.4, respect ively. lis,ea'I

of computing a weighted average of the filter state estimates (0.6.1'.1 - 0.1.P '. 11-

select filter A's estiniate. A Monte Carlo sinilat ion ('oruparisoli ,f thel. ,-i., -

,tild MAP estimateus showed that, at, least for the lahnan fitter niothls atn, ! 4

trajectories uised. the t('cch iques resulted in very sinllar performate . 1 l

28 %
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MAP estimate technique will be the one considered throughout the remainder of t lis

report.

.3.3 Problems with current selection process.

Dr. Maybeck [14] has identified two problems that can occur when selecting

the best filter to use in a multiple-filter system. (The "better" and "best" filters
are those deemed that way by the expert.) The first problem he identified was a

tendency for certain filters to "hold on" to the system longer than they should.

Because of this, there can be a delay in switching to a better filter. The second

problem he identified could occur when a new filter needed to be selected. Indhr

certain situations, the filter with the new highest residual probability may not be I lie

correct one to choose. Dr. Maybeck stated that he and other filter designers could % N

do a better job at selecting filters than the original system did. %

As an example. consider a Kalman filter system having three filters designed

to provide location information about a target. Assume that filter A has a high-

precision. narrow-view model (this filter should be used when tie target is not ma-

neuvering), filter B has a medium-precision, medium-view model (this filter sholld

be used when the target is maneuvering moderately), and filter C has a low-precision. .

wide-view model (this filter should be used when the target is harshly maneuvering).

The target has been performing a high-g maneuver so the system has been selecting

the state estimate front filter C. As the target ceases accelerating, the residual plr-oh

ability of filter C begins to decrease while those of filters A and B increase. Sin,

the target has stopped accelerating, the best filter to select would be filter A. ltow-

ever, the actual system will wait for the residual probability of filter B to rise above

that of filter C. At that point the system will select filter B. Eventually the residual

probability of filter A will surpass that of filter B. leading to the final selectioni of

filter \. l'liis delav in s lecting the best filter results iii sub-optim al erl(',1Ii ]la . .

30) .%b p
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3.4 Proposed filter selection criteri*a.

To arrive at a solution, air expert must use in format ion relat i%(- to thIe p)oiuWiii1.

The information provided by IKalman filters (i.e., the raw residuial dat a) is not in ai

appropilate format for all expert to select a lilt er, All example11 of raw r'sridlua dal a

is shown in Figure 6. Each filter 1 )rodtices X and \ resiluials wich cIi )rc' poird to%

lhe X alud Y target locatioun est ilirates developed lhy thle liltcr' (X ;11( Yn 1c ft. hue

to thle target's a pparenut azi uiti anrd elevat ion frorn thre groun nil-Ibascd W ~ill ) I

of view.) Thle question then becomes, "I low can the (data lie processS( I 1 Ii t I rec

cx pelt Canr rInake a dlecisioni? lIn this report, two data p~roc:essinrg tee1r rn i( 'S WeOe

irivistigatted. 'FIrel first techniq~ue uised stat istical jrfortiuat ion conicerning t lhe Iresidra Is
wl e tilie ot her used thle residual probabi lity d at a. ( leraw res idural dta1 fromr th li

five IKalman filters for trajectories one thrrongh six are presented i n A\p pend1 ix .)

.------ ~--- __ ___ _ - ------ ~---~.--

-i------------------------------------- --- '
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3.4.1 Statistical selection criterion. One approach to selecting the best Ialnia ii

filter would be to perform some type of temporal analysis of previous filter residu-

als. looking for some type of trend. Dr. Maybeck stated that information available

in the residuals could conceivably be used to select a filter that would provide an

estimate as good as, and possibly better than, the filter having the highest residual

probability. The candidate residual statistics chosen by Dr. NMavbeck were:

1. Mean.

2. Slope.

3. Percent mean crossing.

4. Gaussianess.

5. Scaled residual.

G. Average scaled residual.

These statistics (except for Scaled residual) were computed using the previo0l.,

N residual points. N was originally selected by the expert to be I-. This corre-

sponded to a 0.5 second time interval within the 8.0 second simulation..Mlean roferr

to the average of the previous N residual values. Slope is the slope of the linae that

is the least squares fit approximation of the last N residual values. Exaniptes (,t

these statistics are shown in Figures 7 and 8. Percent mean crossig is cairilal, ,

by first counting the number of times the last N residuals crossed the mean v al, ()I

those N residuals. Thus if r(t,) and r(t,+i ) were. respectively, less than and grwaler"

than the average of the previous N residuals, the count would increase Lv un'. l! 1 !1],

total is incremented by one and then divided by N. resulting in the percent 1,'0 'll

crossing value. This statistic was used as an estiimate of signal whiteness. -l,

higher the percent mean crossing. the more likely the values are rnot ime-correlatel.

(and therefore are white). Gaussianess refers to some type of nimeriC represelit'lt (I,,

of the likelihood that the last N residual data poinits had a (dammbsian 'Ihiliitiii.

Scalh', residual i, the value of tlie square of the residl l Iividh'd 1 ,v 1 a lilt ia,.
bS

COiol IIe It of .. .is the lilt er-compIIte covarianre ma IIi x of' resildl,1 , I

324 %l



- - i. - ~ -4 LM i

IN

Figure 4) conditioned on residuals taken through t,-l. (For more information see-

[10, Section 5.3].) Average scaled residual is the average of the previous N scaled

residuals. Dr. Maybeck stated that the residuals coming from a filter with a very

good internal model and assumed parameters should have zero mean and zero slope.

be white, have a Gaussian distribution, and have scaled residual values equal to one

By computing these statistics and comparing them to the desired characteris-

tics, the filter selection process could theoretically select the filter having attributes

most like those of the ideal filter. In addition, any information conceraing relation-

ships between filters could also be included as part of the selection process. For

example, a developer may conclude that when filter X residuals have a negative S

mean and filter Y residuals have a large slope, that the system should select the

state estimate from filter Z.

3.4.2 Residual probability selection criterion. An alternative selection gtuide-

line would be to analyze the residual probabilities for information germane to the

filter selection process. An example of the residual probabilities developed by an

YNIl.\F system is shown in Figure 9. The abscissa of this figure runs from zro to

eight seconds (with marks every half second), while the ordinate runs from zero to

one. The figure shows the five filter residual probabilities superimpose(d on each

other with numbers provided to differentiate between the probability curves.

The current technique. NIAP. selects the filter with the higliest prolabilitv.

lh is. in Figure 9. NI.A P would first select filter nuimber ole funtl Ius or ,, e second

at whichi tlie it would swit oh-I to filter nritimber four. 'Ihis WOUld t hen wilt 11111 forI t heentire trajectory..-An expert systein based tipon residual prob~ability dlata ,'ould have c-

rules that did more than just find which filter hal tho highest residual trul,/l~ilit \.

Udos ,'olhd be taihur,, Ihd perldin, ,ipon wl]i h filteor, Iad re,',e tlv ib',b.i cloc',I. "ot

,'xatr lfle. if lI( .\>toIl hal 1)44.11 selecting filter u inier one and 1iulIt'nY ;I ,lifihertll

33.
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Figure 9. Residual Probabilities from Trajectory Two.

filter has a residual probability t hat is 011lV Slightl v grelater than litter one., t lhe "best" Si

filter mnay be still fil tcr niuzilber one. Rules could also take In to ;wcolt ilt a nv te(0nic jces

of thle original systemi to prefer one filter over aniot her when The parahieters from

those filters may be equally likely. For examlple, if the origiInal S\vtf'iii tcnids to ,

0

TLP "loe esiual. priscriiteriselect iob cterion wa hetecte aiii It k"11s Ior them

filter selection expert system.0

The statistical process serneu very prf-)Iiiisinig at first. lofts of tie st~lt is-

ti(:s identified in Section 3.4 .1 wvere dlevelop~ed from a intmilt ifflf'- utlfl lkiltm ti lilicft

sut ~rf ill i2,nf1 [21]. I 11is Pff1 iliiiIiittf Ii'.i tiij'l btm> cd i-tlflff

--

ject l~v 11;(I~c.;Ih d 3 Ido s (lve ilt ls.
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The plots from trajectory two are shown in Appendix B. Certain gross characteris- A

tics could be identified in the plots. For example, Dr. Maybeck stated that when a

filter had a very poor assumed model, its residual would have a relatively large abso- I

lute value. This phenomenon was exhibited in the mean, slope, and scaled residual

plots. Examples of the mean and slope statistics are shown in Figures 7 and S. In

trajectory two, a 10-g pull-up is initiated at time 2.0 seconds. Since filter number

one is tuned for benign targets, the residuals from this filter become very poor in the

Y-direction (elevation) during the 10-g pull-up. Clearly, filter one is not the filter of S

choice between time 2.2 and 2.6 seconds. However, there were no clear indications

in the statistics when a filter was doing moderately well or better. Thus, one or two

filters could often be ruled out, but this still left several from which to select. For

example, the NIAP selection criterion adamantly picked filter one between time 3.2

and 3.8 seconds during trajectory two. Unfortunately, while reviewing the statistics

from each of the filters (Appendix B) over this time interval, nothing pointed to

filter one as being the best. An additional problem was the time-lag produced by

using previous filter residuals in developing most of the statistics. (Only the scaled

residual statistic was based solely on the current residual.) Initially, the previous 15

residuals were used in determining the residual mean. slope, percent mean crossings.

Gaussianess. and average scaled residual values. These statistics were recalculated

usiug just the previous five residuals in hopes that the resulting statistics wou ll be

more responsive to changes in the residuals. A review of the new plots showed that

they were no more ie] )ftil than the old plots.

Plots of the residual probability values were also developed. These plots are

shown in Appendix C. Each plot contained five curves, representing the timre doinaili

residual probabilities of the five [Kalman filters duririlg the simulation. lroii i these

plots it was clear which filter the current selection technique would chose (the filter

with the highest Jpro,,alilitv) and which filters hiad strong prohahilitie.,, t ou ,_,h ii t

e,,,,ssarilv the greatest. ['sirg irifornation availahle in these plots, arid kniuwled-e',l

36



about the Kalman filters simulated in the software, Dr. Navbeck believed that he

could develop criteria to select the best filter, enhancing performance above that i

attainable by just using the MIAP criterion.

Since the expert could develop rules based upon the information availahiI, II

the residual probabilities plots, this was the source of data chosen for tile experl ',C

coldev eltop criteisselc.h es itr ehnigpefrac aoeta

N

I
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IV. Software Devdlopment.

4.1 Overview of software system.

Three computer programs were developed as part of the overall software svs-

tem. These programs are graphically portrayed in Figure 10. The Kalman filter

program has been adapted from the program used by [21] and currently runs on the

AFIT ICC computer. This FORTRAN program has been modified so that the resid-

ual probabilities are written to a file (fltrprob). In addition. new trajectories were

added to provide additional test cases for the expert system. The file fltrprob is read

by both the 6xpert system and the SUN graphics program. filtsel.c. Filtsel.c draws

a graph of the residual probabilities of each filter. This graphics program is writ 1('1

in C and provides a hardcopy capability. The expert system, known as KREST
(Kalnan filter Residual Expert SysTem) is written in OPS-5 and runs on the AFIT

SSC computer. The results of the expert system are saved in the file KRESTOut.

This file contains the filter selected by the original system and by KREST. and the

values of the five filter residual probabilities. If the filter chosen by KREST is dif-

ferent than that of the original system, the KRESTOut file also shows the number

of the rule that made that decision.

. Jhalman filtcr soft ware.

The goal of lhe original Kalnan ilter program i Kalresid.f) was to addtress:

t he problehm of accuratel." tracking the azimnutl aiid elevat ion ktf a

highly maneuverable airborne target. using out pu ts froii a forwar I-,,,kil,
infrared (FI l ) sensor as measurements [21. p.1 1 .

1o do this. the program sim ulates five Kalmaii filt rs receivina data frin a iu l, .

-,' i ,,,r. F'he' iltn -Is it'+e t1n11e fin- '1ti171-relit 1n,1 tl ., (d t lrct'.- 1.",,r ,hi~t]' l,!' '1,, "

i- 1 11-d f 'q a hl i .' t i iar,_tfi f w hile fil,'i r tw , i, tfI,,I 1, r ,t . l i III If 1 U

3',,
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target. Since the filters are independent, the program could be modified to allow

for multiple sensors each with its own set of filters. Additionally, the program could%

be adapted to allow for fusing simulated sensor data in individual IKalman filters.

Since a -proof of concept" expert system could be developed without adding this-

mnulti-sensor capability, the original program was not modified.

'recrux of tetracking problem is to maintain high precision location and

v-elocity information on the target during benign phases. while not losing lock dturing,

periods of harsh maneuvering or sustained acceleration 121. p.1]. By adapt ivelv

. electing the best filter. the system should be able to reach these objectives. 5

Each filter has a spatial tracking window and target acceleration miodel as,'-

cialtd with it. The windows are rectangles with side., of eight or 20 pixels (a T 'xe>i

20 p rads byv 20 iirads ). The target acceleration models are uned for (it her I). % A

or 20- traneuvers. Thie characteristics of the five filt ers used in the F 1.1R trackilu

so(ftxk-.re are shown ini fable :3. ~%

T~able :3. Simulated IKalman Filter Characteristics.

Filter Field of Target Target A

N umber View Acceleration Model

(az x el) Modelrr j

I X8 O-g benign
2 24x24 20-g harsh maneuver
3 SX8 IO-g smoot h Maneuver
41 210x 20 -g (az) azimuthal maneuver

5 x24 20-g (el) elevational maneuver

At each time interval during the simulation. t lie five filters develop stattc ez~ti

mates of the target based upon simulated FLIR senso,,r data. The goal uf the expert

'Nst eml Is to seClect the tilter with the best state estimate.

or r WI
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4.3 Selection of Expert System Approach.

The expert system could have been developed using an Al framework. (e.g..

rule-based or frame-based programming), or a conventional programming approach.

(e.g., functional decomposition, top-down, etc.). Discussions with the expert indi- 0

cated that the knowledge would not require an extensive decision tree or any type

of inheritance network. Thus, a traditional programming language could have been

chosen. However, an Al framework can be especially helpful in developing rapid

prototype software which , racefully evolves as knowledge is added and deleted. The

currently available expert system shells can be especially helpful in tracing through

the logic of the expert system for debugging purposes. This is also very helpful in

the development of rapid prototype software. S

Based upon the ease of knowledge encoding and subsequent debugging. an Al

approach was selected as the basis for the Kalman filter selection expert system.

The selection of the specific expert system development tool was based upon

the characteristics of the problem and availability of the tool. The tools considered

w(re: OPS-5, ART, IKEE, and LISP. OPS-5 and ART are rule-based development

tools. KEE provides a frame-based expert system language. The LISP computt,

language is very flexible. allowing for either type of representation. %

Two factors led to the selection of a rule-based approach. First, while con-

sidering the feasibility of an expert system to assist in the Kalman filter selection ,

bproce ss. D~r. Y, avbeck stated that he believed he could dtevelop several "rdsto -,

mallke ti'ter se'hections. Second, while reviewing h lt frsd a rl blt,..'%,

D r..M avbeck was a ble to idenritfY (,o l dIt otins w hen cert ain tiIt ers shoil, I , I h ,,] i','I."-"

TIhC,)e (o1ditions were usually descrilbe(l as "If 11his and this and this. then 11his."
Fil typ~e ,,f knowledge is easily represented iisinii rides. Thus, o)nly the ruh,-1,asc,1 .d'

1a,1_':I;Lee afnd LISP were considered fu rther'. %,J)
b
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flexible, it is also very simplistic. If LISP was selected, some type of inference engine "

and conflict resolution function would need to be developed. Since both OPS-5 and

ART had these capabilities built-in, LISP was rejected. Finally. since the 1,alinail

filter software was running on an AFIT Unix-based machine. OPS-5 was selected

due to its availability on the AFIT SSC computer.

4.4 Expert knowledge/Rule development. I
Once the source of data for the expert system ,'as established (residual proba-

bilities instead of residual statistics), the rules themselves were fairly easy to develop.

In general, the rules apply when one filter is losing confidence in its estim ates while ,j'j ;

another filter is gaining or when two or more filters are 'fighting" to be elected.

This latter case occurs when the better filters have residual probabilities that reniajil

close in value with no single filter standing out. a
Depending upon the circumstances, certain filters are better to use than t h ,'r .

Since the expert knows when it is advisable to use certain filters, rules can he l.-

oped based upon this know ledge. T hus. although the rules test for certain rsih i..° -

probability values, the underlying basis for the rules is the expert's knowled , al I
the characteristics of the filters. Consider the five simulated IKalnan filters. l ilitti 0

one has a narrow beamwidth and is tuned for zero-g maneuvers. Thus. t hi> !ilicti- N-6
.Iek

should be used w ith benign targets to provide high precision state estim ates. Fil ,.r .' I

two has a wide beamwidth and is tuned for 2 '0-  maneuvers. This filter i- . p,, m '.ik

useful when the target is pulling a high-g maneuver since the large beamwidth ald

fi lt e r t i ,nin g s h o u ld k e e p it f ro m lo s in g t r a c k o n t h e t a r g e t . F ilt e r t h r e e h a s lie a ,, e" -

narrow beamwidth as filter one, however this filter is tuned for 10-g maneuver,. Il>!I,"

filter is a kind of com prom ise between the high precision estim ate of li hcr k,:e a ,i-

the robust tracking capability of filter two. Filter four has a wide beamiwidth in a:-

i ii l it h l a n a r r o w o i ( i l l e l e v a t i o n . T h i s a l l o w , t h e t i l t ,e r t r ak ,a r ,. - : , i t , 1 1 .

' ,le ra tin g p rin w rily ili th e a zlin u th ire c ti , . F ilte r 1iv'i p, t h . .

.12 
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filter has a narrow beamwidth in azimuth and a wide ore in elevation allowing for -

targets that are accelerating primarily in elevation. These azimuthal and elevational

accelerations are with respect to the sensor's coordinate space which is assumed to

be fixed on the ground.

There are two, possibly conflicting, requirements for the tracking system. First

is the desire to have target state information with as high a precision as possible.

Second is the desir.: to never lose track of the target, since this would send the

tracking systerr. nto a time consuming search mode to reacquire the target. Filters 0

one and three provide the best precision estimates. Filter two provides the least

likelihood of losing the target. Thus, there were two general guidelines for developing

the rules. First, if filters one or three are doing a fairly good job of tracking the target.

select one of them. Second, if the target has apparently done some type of maneuver

and the system is not quite sure which filter to select, select filter two.

Some of the KREST rules were developed to overcome one of the inappropriate

tendencies of the MMAF. This tendency is to stick with the harshly-maneuvering

filters when the system should be selecting a benign filter. As Tobin stated, " . [the

MMAFI was somewhat more hesitant to reduce the bandwidth to an appropriate .

benign level when the target comes out of a turn, compared to the speed with which •

it opens the bandwidth at the onset of a pullup" [21, p.19]. Thus, to compensate.

many of the KREST rules where developed to favor the less-harsh filters.

4.5 Expert system (KREST) overview.

KREST contains both LISP functions and OPS-5 rules. The LISP functions -

were developed to determine certain state characteristics. The OPS-5 rules fall into

five separate :ategories. These categories are:

1. Initializing. % -

2. pdating. .

0

3. Schedtling.-

• 2 K %"r .
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4. Residual Probability Rules.

5. Printing.

The initializing rule defines and pre-sets certain variables in addition to reading I
in header information from the data file. The updating rule reads in the next set of 0

residual probabilities. The scheduling rules are needed to make the other types of

rules fire in the proper sequence. The residual probability rules are the actual expert

rules developed from discussions with Dr. Maybeck. The final version of KREST'

contained just ten rules related specifically to selecting filters. The printing rule is

used to display the filter selected by KREST as well as other pertinent information.

The filter selection done by KREST is sent to the file KRESTOut. No attempt U,
has been made to have KREST run concurrently with the original l'ahnan filter

simulation software. The expert filter selection is done on a post-processing (also

known as open loop) basis. In reality, the real-time selection of the "best" Kalman a

filter does have an effect on the generation of filter residuals. As such, to fully test

the KREST filter selection process the new algorithm would need to be included

in the original simulation software. Once this was accomplished, analysis could be

performed on the control signal being developed on a closed-loop basis. This control

signal is of prime importance since it is used. theoretically, to point the IRST/Laser

system. One of the best ways to evaluate the performance of the filter seh'clioi.

expert system would be to compare the control signal time history developed from '.-'%

the KREST-based system versus the control signal time history resulting from a

MAP-based system. As stated previously, no attempt was made to incorporate this %

closed-loop feature in the original simulation software.

4.6 T(.sI (i asrs.

TIe rules devlo )ped for 1K R. EST came-i from tI ie resid ial 1)r o l)a)ili't v gra -s ) ruii i

(.n t raj((tories. Traj('ctories one through four Were provided in lie origial -,,to wl e.

Ira j'ct oies five a1(1 "ix were d(velop(.l to stress t l filter selection proc('ess. \\l ih e

%," ,
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trajectories one through six simulate targets moving primarily in azimuth. trajecto- O

ries seven and eight simulate primarily elevational motion and trajectories nine and

ten simulate a diagonal motion. These trajectories are described in Table 4. Plots

of these trajectories are included in Appendix A. The purpose of these trajectories

is not to simulate specific known threats, but rather to exercise the filter selection

processes (MAP and KREST) under diverse conditions. This was intended so that

the Kalman filter expert would develop rules that applied to fairly random target

trajectories.

Table 4. Target Trajectory Characteristics.

Traj. Target Loc. at Vel. at Acc. at Acc. at
Motion time=0.0 time=0.0 time=2.0 time=3.5 O

(km) (km/sec) (G's) (G's) ",
1 straight 5.0 X -1.0 X 0.0 0.0

0.5 Y 0.0 Y
2 circular 5.0 X -1.0 X 10.0 10.0

0.5 Y 0.0 Y
3 circular 5.0 X -1.0 X 10.0 0.0

0.5 Y 0.0 Y
4 circular 5.0 X -1.0 X 10.0 10.0

0.5 Y 0.0 Y
5 circular 5.0 X -1.0 X 10.0 -10.0

0.5 Y 0.0 Y %_,

6 parabolic 5.0 X -1.0 X 20.4 X 1.0 X
0.5 Y 0.0 Y 20.4 Y -1.0 Y

7 parabolic 0.5 X 0.0 X -2.0 X 0.0 X
0.0 Y 1.0 Y -2.0 Y 0.0 Y.

8 parabolic 0.5 X 0.0 X -2.0 X 1.0 X
0.0 V 1.0 V 0.0 Y 0.5 Y

9 parabolic 2.0 X -0.5 X -5.1 X -7.7 X
0.0 Y 0.5 Y 5.1 Y 0.0 Y-

10 parabolic 2.0 X -0.5 X 10.2 X 2.0 X
0.0 Y 0.5 Y" 1.0 Y 2.0 Y"

"-'.-*..
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V. Results and Conclusions. _

5.1 KREST Results._.

The purpose of KREST is to assist in the NMM.\F filter selection process. The,

system was designed to be especially helpful in those instances when the MAP se- %?

lection criteria does a poor job. Some of these situations are identified in Table 5. /"'

Table 5. Problematic Filter Selection Instances. '
1. Transitions from the high-g filter (No.2) to the benign filter (No.i).

2. Transitions from the high-g filter (No.2) to tie moderate-g filter (No.a).
3. Transitions between the X-oriented (No.4) and the Y-oriented (No.5) filters.

The expert system filter selections for ten target trajectories are shown in Ap- "%'-

. l

pendix E. Portions of these results are also shown in Tables 7 through 15. In hese.

_J%JC'

tables: Time is tie specific time interval Rule is the number of the KREST rde,

that fired, if any; KF is the filter KREST selected: MAP is the filter selected .

ethe maximum a posteriori selection process (the filter with largest residual proba- %

N

bility); and I through P5 are tle residual probabilities of filters one through five.

respectively.

It should be noted that trajectories one through four were not modifed from .{

those used in previou~s research [21] [9]. Trajectories five through ten were developedl'2,

with Tarsh-g ianeuvers to cause the MAP-based systen to select the wrong" filter. .

C.,J

KREST filter selections differ from those chosen by the MAP selection criA-

ria when the original system lingers on overly dynamic filters and during transition)I ,. A"
periods between filters. B tending tow ars ho in Tleic narrower 5.lI ofthes

(FOV) filters, tREST has helped overcom ue s natural ten denc of tlh e 1T r

system to stick on hi sh-g filters. B s t sel e l d M Pare FOV filers h er selec dl

(I i , Il ii lH o rie n te d fi It e rs h a v e s ig n ifi c a n t r s i d l a l p ro l );l il 1s1 lv" I P -S a Iso" l , , 1 '- .. . . .

the ma ximu af o s the ti er selection s (the ler wit h this e da l r ob il-

-16
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the selection of a square filter after an X-oriented filter and just before a Y-oriented -6

filter, providing a smoother transition.

5.1.1 Propensity toward benign filters. Rules 30 and 55 (Table 6) are exam-

pIes of KREST rules developed to compensate for the original system's tendency to

adhere to non-benign filters. These rules select filter three when the residual prob-

abilities of filters two and three met certain constraints. (Note: The precondition

Best=2 in Rule 50 is satisfied when the residual probability of filter two is larger

than all others. The precondition Best=3 for last 3 or more in Rule 30 is satisfied

when KREST has selected filter three during the previous three time intervals.) Ta-

ble 7 demonstrates that these rules make the system tend toward the narrower FOV

filters. While the original system occasionally selects filter two following time 119. 0

IREST sticks with filter three based upon the significant residual probability of Ihat %ia

filter. Balanced with the desire for improved tracking resolution is the need to keep

track of the target. Thus, while this type of rule "encourages" the use of narrow

FOV filters, it do not overly restrict the system when the use of a wider FOV filter
is in1dicated. The thresholds were set in Rules 30 and :55 to achieve this balance. N-

'Fable 6. KREST Rules 30 and 55.
Rule Precondition Filter

30 If Best=3 for last 3 or more and 3
the new Best=2 and.,
P2 < 0.7 and •
P3 > 0.2

5.5 If Best=2 and 3
P3 > 0.25

P

IT

7S

~%.

.9,%"
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Table 7. KREST Results for a Portion of Trajectory Two.

Time Rule KF MAP P1 P2 P3 P4 P5-
116 1 1 0.781 0.101 0.092 0.001 0.025
117 1 1 0.721 0.123 0.126 0.001 0.029
118 2 2 0.213 0.580 0.179 0.004 0.025
119 2 2 0.243 0.522 0.211 0.004 0.021
120 55 3 2 0.165 0.438 0.370 0.003 0.024
121 55 3 2 0.057 0.524 0.408 0.002 0.009
122 55 3 2 0.045 0.499 0.446 0.002 0.007
123 3 3 0.193 0.066 0.712 0.008 0.021
124 3 3 0.190 0.046 0.737 0.007 0.019
125 3 3 0.098 0.067 0.815 0.014 0.006
126 3 3 0.052 0.063 0.867 0.015 0.004
127 3 3 0.086 0.106 0.783 0.018 0.007
128 3 3 0.018 0.270 0.695 0.014 0.003
129 3 3 0.006 0.399 0.582 0.008 0.004
130 3 3 0.006 0.365 0.620 0.007 0.002
131 3 3 0.003 0.470 0.520 0.006 0.002
132 :30 3 2 0.001 0.575 0.419 0.001 0.001
133 3 3 0.002 0.263 0.730 0003 0.002
134 3 3 0.001 0.250 0.748 0.001 0.001
133 3 3 0.001 0.213 0.784 0.001 0.001
136 3 3 0.001 0.241 0.753 0.001 0.001
137 3 3 0.001 0.190 0.807 0.001 0.001 -
138 3 3 0.001 0.173 0.824 0.001 0.001
139 3 3 0.001 0.383 0.613 0.001 0.001
140 3 3 0.001 0.467 0.530 0.001 0.001
1-41 30 3 2 0.001 0.651 0.346 0.002 0.001
142 30 3 2 0.001 0.516 0. 150 0.001 10.001
113 30 3 2 0.002 0.519 0. 177 0.001 0.0(12
1.4 3 3 0.001 0. 158 (.538 0.001 1.(01

1t.5 :3 3 !)001 1). I G:3 ..53 0.001 0(.001I
116 3 3 0.001 0127 (.570 0.00t 0.0ol
147 3 3 0.001 1)105 0.,")92 0.001 0.0(01

s18 30 3 2 0.001 0..5129 0. I 0.001 0.0)1

119 3 3 0.001 0. I60 0.53(6 0.001 0.0( 1
150, 3 1 O)(001 (.061 0.i35 . 1).0(2 ()(M I

151 31 3 1).1) 02 0 27 (11966 01,001 11.1(!1

II
iii ,.--. ,, -. -','',,,"• '. ..- ',''.. .. ,-.', "-.' -. ".' " " . .,,,' ". ", ., -,' .-. " "-.' '.'-.- ',.,,;-.- '-? "." +.,,,> . "-'5,



Rule 40 (see Table 8) was also developed to give JKREST a propensity to,,uld

the more-benign filters. In this case, the desire is to select the non-maneuver filter a

(number one) over the moderate maneuver filter (number three). Table 9 shows

several occasions where KREST used this rule to determine that filter one had a

sufficient residual probability level to warrant its selection. While these selections..

may not result in a startling increase in performance, some improvement is expected.

%,-%N.
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P recon(1It lon FIlIt .I
410 If 13cst=3 and

PI > (P3 0.)and

P1 is Increasing.

Table 9. L RLST1 Restults fuJr a Pourtion of Irjrtrv i

'Ilie Rulte 1K! F i A! 1- ) l P2 113 1' 1 )P

23 3 3 0. 222 0.049 0.612 0.07-9 .3
21 3 3 0.280 0.038 0.1)7 5 0.077 (1(130
25 -10 1 31 0.3-11 0.022 0.525 0.077 0-032
2G 3i 1; 0-063 0.0.10 0. 7 56 0. 133 1( .

27 3 3 015 5 0.0l~ 16 0l71 0.!( .5 I'
t: 10 1 3 0317 0.012 0.512 0. G 0 (1)W-

1(1 1 3 0.39*2 0(.006 ). 187(.08 ((7
303 1 0.329 0.0(02 0.570 0.0 10 (.060

:31 10 1 :3 0.370 (0.002 .198 ((((:1 0(19 2
32 10 1 : 0.372 0.00 1 0.452 (0((26 0. 1 1'
33 3 3 0.3 62 0.001 0.198 0J.0J18 0.121
31 10 1 :3 0.3718 0.001 .181 ().1M 1 (). 126
315 1 0. (2 16 ((((05 0.68 1 0(.008 ().0601
T)6 10 1 :3 0.412 0.001 (). 519 0.00(1 0J.0J11
:17 3 3 0.3 1' 0(003 0. 162 0. 001 0I. 1 15
3S I1 1 3 0.370 0,003 0I.18.1 0.00( 1 H(.1 13
T) -10 1 :3 0.381IO,~ 0.001 0.17 (M(1 0.1 11

.10 1 1 (0.171 01.001 0.366 ((01 (0. 161
1 21, 0 H 1 0.51 2(0( (V(i (W

.-

%"I
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5.1.2 Smoother filter transitions. The purpose of KREST Rules 25. 70. and

75 (see Table 10) was to provide for smoother transitions between the orthogonal

filters four (X-oriented) and five (Y-oriented). The expert has determined that if

both of these filters have significant residual probability values, that the best ctliCe

would be one of the square FOV filters. Specifically, the system should select either

filter one with its narrow, square FOV or filter two with its large, square FOV.

Rules 70 and 75 were developed with similar preconditions. the difference being that

Rule 70 selects filter one and Rule 75 selects filter two. The filter with the higher

residual probability determines which rule fires. An example of KREST's use of this

type of rule is shown in Table 11. Whereas the original system transitioned directly

frotn filter five to filter four at time 162 and back to filter five at time 163. IN EST
ft;

provided a smoother transition by using filter one. "t-

Originally, no minimum thresholds were set for the selected filter. As a result.

Rule 70 fired during the time interval of 152 to 155 in Table 11. These times are

indicated by a dash in the Rule column. Dr. Maybeck observed that since neither

filter one nor two had a residual probability above 0.07. neither should be selected.

better solution would be to let filters four and five "fight it out." The threshold ftp

values of the selected filters in Rules 70 and 73 were then set at 0.1 resulting in the S

desired rule firings between times 160 and 170.

-I
"ft

0



Table 10. MUIST Rules 25, 1(). T(an 7.-).

111 l ' l CCU1(itioll S( del t el

25 Ii 1Hest =1 or 5 and -

I'1 > 0.3 and
11 is ncreasill .

70 If Hest=-l or 5 alld
P1 < 0.6 and1
I'5 < 0(.6 and

1 3 < ().2 atnd
P I > 1). 1 andl

I1> 11,2
75 If i1,"-, = I (,)r .-) and

P I )6al[1 < ().() and

I( < 0(;(.2 lil

> 1 1S112 > 111

%I

# ...., ...., .-• ... ...... .... .......,,. ....",I
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J aIAC 11. I1"I.S I 16(.1idts rot a Pl oitiil I I jt, (-I'.1H.-

lim I I Io N"E N I A l1 P2 113 111 t"
1 15 5 U.13 6i 0 .1) () 1 0 .0 17t 0 1 17, 1 f 1. .

.5 0.0:38 0.031 0.011 0.353 I).5(ii

153 5 5 0.018 0.025 .012 0.: 1 ' 7
1 ",.1 5 5 0 151 ().0(. 0.0 (1 0.. W).6 I(2

1.55 - 5 0.061 0.00 G (.00)09 0.3)2 0.):32
I .56 .5 0.058 0.005 0.010 0.2"1 (0.673

157 5 5 00O31 (.00.5 o. 1)I M 0 5 ()7 "7
158 5 5 0.0: N 0.00.5 0.008 0.i," o.')0

C 159 5 5 0.038 0.00.1 0.007 0.127 0.82 1

1GO 70 1 .5 0.128 0.001 0.011 0.3 1G 07[I
161 70 1 5 0.1 11 0.001 0.00S 0.311 0.506

1(2 .1 1 0.()2 1 0.)2!) ().0L 7 . .5"6; (1.()'(
163 1 .1 0.032 0.013 U.010 0.S34 0.112
l 1 70 1 -1 .1 25 L'!.') 0 1 .t 9 0.018. 1 ..13 7

10" 7( 1 1 5 1(.171 0.0 ) 1 .(11I ().2< 2 (). -,2()

16 76 T 5 ).212 0.003 0.015 0.297 1 0. 1713
I117 0,) 1 s 6) ( 0. 0 0) 1 0 .i0 1 ! 0.3 0 1< i) I{ I

1S TO 1 5 0.193 0(03 0.02) (.:31i . 1371W)1. 71 ) 5 (. !) .).12 )030 (01372 (1. 1(1,

T 0 70 1 5 11.217 ().t(2 0.0:1() (.:1 )2 ).3.')

171 3 3 0.123 0.007)5 )."( 7 .173 (1 .'2
172 I) 1 3 o.2M7 ).)(1)1 ).355 ) )', ).2"n
17:1 1 1 0.102 0.(01 (1.2!) (1 , ihi 1.2:17
1 7 1 I 1 1). 1 Z 1). )M ) 1 0 .2 (13: f I) ,._) (1. - I
1 7 5 1 I 1 .5 7A ) 0 .0 0() 1 ). l11if) I I. W ,,I , 2 :1t (I

'.1
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Table 12 also shows a transition between filter, four and five. Dr..\,avl,,k

concluded that the filter selection done by KREST at times 65 and 66. I"it ,,f

selecting a broad FOV filter (No.2). provided a nice transition between these tilt ers.

Table 12 also shows a transition from the wide FOV filter No.2 art I lht na

row FOV filter (No.1). This transition occurs between times S2 and 97. The origiial

selection process transitions through the X-oriented filter (No.4). Dr. Ma'beck con-

cluded that since filter one had a significant residual probability well before Time

O 95. that filter should be selected earlier. The tKREST selected filters were deemed

appropriate by the expert.

U.. I.4
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Table 12. KREST Results for a Portion of Trajectory 1"ive.

Time Rule KF .MAP P1 P2 P3 P4 P5 -.

'S.,

6 2 4 41 0.018 0.001 0.001 0.9 79 0.001
63 4 4 0.037 0.001 0.003 0.956 0.002
64 4 4 0.033 0.025 0.015 0.869 0.058 "'
65 75 2 4 0.019 0.160 0.063 0.446 0.312
66 75 2 5 0.001 0.111 0.001 0.001 0.586 N.
67 5 .5 0.001 0.337 0.003 0.001 0.657
68 5 5 0.001 0.325 0.001 0.001 0.672
69 2 2 0.001 0.561 0.001 0.001 0.436
70 2 2 0.001 0.519 0.001 0.001 0.478

82 2 2 0.024 0.894 0.018 0.035 0.029
83 2 2 0.019 0.900 0.01 1 0.041 0.026
A-1 2 2 0.100 0.532 0.079 0.206 0.082
8.5 7.5 2 4 0.11.5 0.307 0.133 0.102 0.013

6 70 1 4 0.187 0.16.1 0.1SO 0.161 0.008

87 70 1 1 0.238 0.017 0.175 0.568 0.002 I
88 - 4t 0.212 0.040 0.088 0.656 0.005
89 25 1 4 0.332 0.035 0.139 0.492 0.001 0
90 25 1 .1 0.3.50 0.015 0. 117 0.481 0.005 %

91 25 1 1 0.370 0,056 0.099 0.468 0,007
92 25 1 -4 0.395 0.049 (1. 102 0.A49 ().005 P%
9:3 25 1 -1 0.399 0.045 0.095!7 0.45:3 0.005
9.1 25 1 1 0.131 0.005 .9 (1) .t94 .)1 0
95 1 1 0.63.1 0.001 O1 W 0.2:1 0.001
96 1 1 ().771 0.001 ()0.1) 0.177 11.()()1 

97 1 1 ().,39 0.001 -0 0.11 0. 1 11 )(10 2
S8 I I ).,56 ()001 0.033 0.1OS 0.002 -

99 1 1 (.)0)9 1( 01 0.033 ().056 0.0()1 1

4 I

I,
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The purpose of trajectory six was to force the simulated target into a diagorial

motion in an attempt to make the original system alternate between tlw X-,lli'ited

(No.4) and the Y-oriented (No.5) filters The residual probabilities from tiavi u ',,"

six are graphically shown in Figure 11. Due to the kinieniat ics of tlie t oi,', ,r.

the system has difficultv selecting filters between times I 3 and 2(J.s,, Iee ltfb 13..

for example, at time 184 filters one. two, and five have rcidunl pI)111 iit f

approximately 0.26, 0.21, and 0.29, respectively. At time I 5. 111ters one..ur. ;ti '

five have residual probabilities of approximately 0.21. 0.21. and ).2'. ,l' ' .

.\nv filter selectiun based solely upon tlie maximuitm of tlhse ,h;,: vuall'- ;u ,Iri , % '

moechance than anything else. Rules TO and 775 again providte a I ,., 1:,il'l-Ill f,,r ',

'4t1luothing tke transition betweei filters two and ,one while ailwing, , r i I witl-

siniiificait residual probabilities (e.g.. filter live between P12 aid 19..'70 t) li, ,.lct.

wlien aippropriate. .*..

- ~ 2

4) 
"

. . . . . . . . . . . ..,_ . . . , ... ..... . ' -.%
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Table 13. KREST Results for a Portion of Trajectory Six.

Time Rule KF MAP P1 P2 P3 P4 P5
180 2 2 0.131 0.385 0.08.5 0.177 0 .22'.'
181 2 2 0.151 0.382 0.094 0.183 0.190 "'
182 2 2 0.190 0.358 0.068 0.17.5 0.210 ""
18:3 7.5 2 .5 0,212 0.268 0.067 0.167 0.287
184 70 1 5 0.255 0.214 0.064 0.174 0.293
185 7.5 2 5 0.159 0.222 0.054 0.166 0.399-_'
186 75 2 5 0.133 0.276 0.032 0.2.t8 0.311 3
187 7.5 2 5 0.177 0.23.5 0.033 0.237 0.318'y.
188 70 1 5 0.213 0.167 0.041 0.276 0.303
189 75 2 4 0.085 0.206 0.026 0.545 0.139'-
190 70 1 4 0.130 0.120 0.025 0.538 0.186 ,N
191 70 1 5 0.127 0.062 0.015 0.349 0.4471 ..e,,
192 5 5 0.052 0.086 0.015 0.103 0.743
19:3 5 5 0.052 0.138 0.020 0.130 0.661 0-
194 5 5 0.058 0.092 0.020 0.143 0.688
19.5 5 5 0.080 0.096 0.023 0.121 0.680.-"
196 70 1 5 0.11.5 0.081 0.028 0.272 0.504 :f:

197 70 1 5 0.199 0.086 0.031 0.198 0.187"-'
198 70 1 5 0.243 0.03.5 0.028 0.196 0. t99 "
199 70 1 5 0.293 0.032 0.029 0.210 0.436 d,

V..

2 00 1 1 0.351 0.042 0.019 0.246 0.3-12 ,
201 70 1 5 0.345 0.031 0.019 0.248 0.3,58 ",
202 1 1 0.389 0.024 0.018 0.243 0.326,,,203 1 0.468 0.020 0.018 0.161 0.333ao nfrerS
204 1 1 0.546 0.019 0.020 0.176 0.239205 1 1 0.570 0.018 0.015 0.168 0.98

206 70 1 t 0.337 0.049 0.024 0.537 0.052
10 7 5 2 4 0.389 0.017 0.019 0.512 0.062
208 1 1 0.48- 0.014 0.018 0.412 0.070
209 7 1 0.707 0.016 0.017 0.195 0.03210 1 1 0.739 0.011 0.015 0.181 0.053

d%.%

192 5 5 0.0~527 .8 .1 .0 .4



basically horizontally moving target, trajectories seven and eight simulated primarily

vertical motions and trajectories nine and ten tested primarily diagonal motions.

Analysis of the KREST results for these new trajectories showed that the current.I

rules were adequate. No new rules could be developed from the results and all rules

that did fire were deemed appropriate by the expert.

Trajectories seven through ten did, however, prompt one change to the rule- I
base. Early discussions with the expert led to the development of several rules
that attempted to catch transitions between the X-direction filter (No.4) and the

Y-direction filter (No.5). These rules are shown in Table 14. The general idea was to

find instances where the \IAP selection criteria had selected one of these filters for
several time periods and then attempted to transition directly to the other, orthog-•a

onalfilter. If this was attempted while the wide FOV filter (No.2) had a significant

residual probability, then the expert wanted to select that wide FOX" filter. Taree N .

rules were developed, one checking for transitions from filter four to filter five ( Rule

10), another checking for transitions from filter five to filter four (Rule 15). and a

third checking for a history of alternating between filters four and five (Rule 20).

Originally, these rules would occasionally fire. tlowever, as faster rules were devel-

oped (those that did not require a history of certain filters being selected) these

historical rules no longer applied. As an example. 'Fable 12 shows a transition be-

tween filters four and five at time interval 6.5. The first of these historical rules I
checked for a series of selecting filter four before going to filter five. This condlition

would have occurred at time 66. except for the fact that Rule 75 has fired at time 65

selecting filter two. This defeats the precondition of lie historical rule and pre ulhes

it from firing. Trajectories seven through ten confirmed that, at least for those cases.

the historical rules had been superseded by some of the later rules. Thus, lRuls N,

15. and 20 were deleted.

•%
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Tabl U4 itrclRls
Rule Precondition Selected

Filter
10 If tBest=4 for last 3 or more and 2

the new Best=5 and
P~2 > 0.2 then

135 If Best=5 for last 3 or more andl 2
le new Best=-1 and

P2 >0.2 then

20 If Best=4 for 2 or more of last .5 and 2
*Best=5 for 2 or more of last 5 and

_____ P2 > 0.2_then ____

59A
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As with any expert system, any rule that has its precondition satisfied can fire.

Thus. while the "Rule" column of the KREST results shows the one rule that fired. ,,

more than one rule may have had its preconditions met. While reviewing the results.

if more than one rule applied, each applicable rule was checked to make sure there

were no conflicts. "No conflicts" means that all of the rules that applied woutlI have

selected the same filter. In two cases there were conflicts. These conflicts occurr"d

in trajectory six at time 183 (see Table 13) and in trajectory 10 at time 96 '"rt

Table 15). In these cases Rules 60 and 61 attempted to select the narrow FOV filte.r

(No.1) while Rule 75 attempted to select the wide FOV filter (No.2). The original

purpose behind Rules 60 and 61 was to select filter one if it had a sufficient residual

probability while the filter with the highest probability had a residual probability less

than a certain threshold (see Table 16). Thus, if there was "confusion" over which

filter to go with (since all filters had residual probability values below a certain level .5

the system would tend to go with filter one. Rules 70 and 75 were developed later

on. The intent of these rules was to took for conflicts between the X-oriented t No. 1)

and Y-oriented (No.5) filters. When the specific preconditions were met. these rules

selected either the narrow FOV filter (No.1) or the wide FOV (No.2) filter. d,.epudlinia

upon which had the larger residual probability.

-.

Table 15. KREST Results for a Portion of Trajectory Ten.

Time Rule I'F MAP P1 P2 P3 P4 P5z

92 2 2 0.053 0.833 0.016 0.049 0.048
93 2 2 0.067 0.s13 0.019 0.051 0.051
94 2 2 0.071 0.386 0.020 0.370 ).15t I
915 75 2 4 0.113 0.248 0.027 0A67 0.1-15
96 75 2 4 0.202 0.243 0.045 0.330 0.180
97 70 1 4 0.258 0.211 0.051 0.278 0.202 0
98 1 1 0.333 0.1.56 0.054 0.263 0.19:3
99 1 1 0.382 0.170 0.053 0.207 0.188
100 1 1 0.175 0.093 0.056 0.210) 0.;

.,
- - j 5 * 55 Qfs % ~ .* %*%* ' 5.5.
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Table 16. KREST Rules 60 and 61.
Rule Precondition Selected

Filter
60 If PBest < 0.4 and1

P1 >0.2 and
P1 is increasing and '
Best <> Filter 1

61 If PBest < 0.4 and1
P1 > 0.2 and
Best <> Filter 1

Dr. Mayheck reviewed the filter selectio prcs here these anomalies oc-

cuiirrd. IIn both situations, the original MIAP selection process was transitionil"

from filter two to filter one. (Although in trajectory, six, this transition took approx-

ixnatclv twenty time intervals to complete.) In these cases it was not clear whether

filter one or two was the better choice. As such, the expert decided to go with Rules

70 and 73 which allow filters one and two to "fight it out." Since Rules 60 and~ 61 V
%.I

could be removed with no effect on KREST's performance (other than at these two 1

anomlalistic occuIrrences ). the rules were dleleted(. %

.).2 COne! uiions.

By analyzing the residual prob~ability graphs of the five filters (see Apipmnix

1D). the expert (Dlr. N Iavbeck ) was able to express rules that selectod ilie tilt er,

lie detsired. The resulting expert system. IKREST. provided an improvenment :%

h le orignal MA P select ion process. A.lthoumgh no quantitative estlmnat e of ipoe

sI-,itca performance iprovemnent over tilie Bayesianl and MA.\P lilter jt. j

techii iqles" [13].%

Vilis reselircli has laidl thIn ' fuinlit ionl fur tI'l real quet 'rIw t)1,11 w

isic [a : ' ~(ant adlv icc i N~ al ma i itr s vems, he used to faclilitate 011~r u . '

' %.
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While KREST was not intended to answer that question directly, its perfor-

mance indicates that expert knowledge can be used to improve the selection process

of discrete filter models. In this research the filters have modeled different assumllp-

tions about the target's trajectory (e.g., filter one models a benign target while filter

two models a high-, maneuvering target). The filters could be changed to mnodel

assumptions about how sensor data from separate sources could be combined or con-

trasted. A IKREST-like program could then be developed to select -'sensor fuiun"

IKalman filters. The encouraging performance of IKREST indicates that advanced0

NMNIAF systems infused with some type of expert knowledge. may help lesson thle le

problems associated with sensor data fusion. "

533 Rccornerida lolls.

There are several ways this research could be extended. These range from

embedding the rules from the expert system into the original simulation software to

niakIng changes to the multiple model adaptive filters themselves. P

Although tile expert systemi shell (OPS-5) providled a flexible environmennt for

test imi and refining rules, the final version of the expert system required (.ivl tell

tloinain-specific rules. A.s such. the current rulebase could easily be converted To a0

sequential computur language (e.g.. FORTRAN) for inclusion in tilie INAV itl-

tion program. TI'ls is necessary for the systemn to be fully tested. Current Iv. 1KH E.Sl

makes decTisionis on an open- loop basis. This means that 1 REST hias no eiftect ln

le venerat ion of t he filter residual probabilities. Ill, closing thle loop li.e.. Iiovin1 -

IKRI*;5 make sellctlins as Ole MMA:\l siinilation ttrtgraiin rlti tillrotii t M-W

Carlo analysis) a riuineric evaluto ofIIh cudb performecd. ( irntiv. tile-

Nlter.It Svstenii Is, evaijiatell subjectively by tile expecrt. Since tile bocali III,,

sIlnlllated tari.et 'Andl thle es'tinniates of each filter ca;n be obtained. ill( ho-,t filt(-: at

(',I IT lile I t l va ('1 !d ho I entIfle . 1,11S w~m i I w il l."%1. c el Til 111 I i
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determined, this knowledge could be used by the expert to modify KREST's rules.

Some type of explanation system should be developed so that KREST can

provide the person tuning the filters with some type of rationale as to why certain

filters are being selected. This would be important since the filter selection process

is based upon both the expert rules and the filter modeling.

Software should be developed to simulate Kalman filters receiving data from ,

more than one sensor. This may be used to verify the usefulness of expert system-

based MMAF selection as a solution to the sensor fusion problem. Rules for the

expert system could be based upon knowledge the expert has concerning specific %

sensor strengths and weaknesses. These rules might also consider what effect sensor

(legradation has on the resulting estimates. S

Lastly, the use of an expert system such as KREST should be considered for

other types of adaptive estimation and control tasks to further investigate the results

of this research.

(;3.
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Appendix A. Target Trajectory Plots. .
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-SAppendix B. Multiple Kalman Filter Residilfil Plots.
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Appenidix C. Kalman Filter Residual Statistics Plots for Trajectory

Two.
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Appendix D. Kalman Filter Residual Probabilities Plots.
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KREST: Kalman filter Expert SysTem.

NFRMS: 240
ITraj: 1

# Rule KR MAP Pi P2 P3 P4 P5

1 1 1 0.9600 0.0100 0.0100 0.0100 0.0100
2 1 1 0.9600 0.0100 0.0100 0.0100 0.0100
3 1 1 0.9605 0.0092 0.0100 0.0103 0.0099
4 1 1 0.9644 0.0014 0.0091 0.0178 0.0073
5 1 1 0.9046 0.0040 0.0140 0.0676 0.0098
6 1 1 0.8829 0.0051 0.0122 0.0900 0.0099

7 1 1 0.8849 0.0014 0.0082 0.0967 0.0087
8 1 1 0.8909 0.0013 0.0079 0.0918 0.0081
9 1 1 0.9001 0.0010 0.0077 0.0841 0.0071
10 1 1 0.9025 0.0013 0.0068 0.0812 0.0082
11 1 1 0.8835 0.0010 0.0070 0.1001 0.0084
12 1 1 0.8835 0.0010 0.0059 0.1036 0.0060
13 1 1 0.8625 0.0010 0.0053 0.1255 0.0057
14 1 1 0.8797 0.0010 0.0040 0.1121 0.0032
15 1 1 0.8957 0.0010 0.0039 0.0964 0.0030
16 1 1 0.8840 0.0010 0.0038 0.1083 0.0029
17 1 1 0.8948 0.0010 0.0039 0.0979 0.0024
18 1 1 0.9270 0.0010 0.0039 0.0672 0.0010
19 1 1 0.8661 0.0010 0.0025 0.1294 0.0010
20 1 1 0.9143 0.0010 0.0010 0.0827 0.0010
21 1 1 0.9020 0.0010 0.0010 0.0949 0.0011 0
22 1 1 0.9586 0.0010 0.0012 0.0383 0.0010
23 1 1 0.9668 0.0010 0.0010 0.0302 0.0010
24 1 1 0.9636 0.0010 0.0010 0.0334 0.0010
25 1 1 0.9634 0.0010 0.0010 0.0336 0.0010
26 1 1 0.7833 0.0010 0.0010 0.2137 0.0010 .
27 1 1 0.7072 0.0010 0.0010 0.2898 0.0010
28 1 1 0.8328 0.0017 0.0010 0.1635 0.0010
29 1 1 0.8499 0.0010 0.0010 0.1471 0.0010
30 1 1 0.8297 0.0010 0.0010 0.1673 0.0010
31 1 1 0.7769 0.0010 0.0010 0.2201 0.0010

32 1 1 0.7838 0.0010 0.0010 0.2132 0.0010
33 1 1 0.7676 0.0010 0.0010 0.2294 0.0010
34 1 1 0.7818 0.0010 C.0010 0.2152 0.0010
35 65 1 4 0.3677 0.0010 0.0010 0.6293 0.0010

98
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36 4 4 0.2524 0.0010 0.0010 0.7446 0.0010
37 4 4 0.0835 0.0021 0.0010 0.9124 0.0010
38 4 4 0.0918 0.0018 0.0012 0.9043 0.0010
39 4 4 0.0903 0.0016 0.0012 0.9059 0.0010
40 4 4 0.1073 0.0010 0.0010 0.8896 0.0010
41 4 4 0.1377 0.0010 0.0010 0.8592 0.0011
42 4 4 0.0449 0.0010 0.0010 0.9521 0.0010
43 4 4 0.0366 0.0010 0.0010 0.9604 0.0010
44 4 4 0.0422 0.0011 0.0010 0.9544 0.0012 / ,
45 4 4 0.0261 0.0010 0.0013 0.9707 0.0010
46 4 4 0.0267 0.0010 0.0010 0.9703 0.0010
47 4 4 0.0325 0.0014 0.0014 0.9637 0.0010-48 4 4 0.0286 0.0010 0.0010 0.9684 0.0010

49 4 4 0.0345 0.0011 0.0015 0.9616 0.0014
50 4 4 0.0040 0.0010 0.0010 0.9930 0.0010
51 4 4 0.0037 0.0010 0.0011 0.9932 0.0010
52 4 4 0.0052 0.0010 0.0010 0.9918 0.0010
53 4 4 0.0114 0.0018 0.0010 0.9842 0.0016
54 4 4 0.0242 0.0026 0.0016 0.9687 0.0029
55 4 4 0.0343 0.0026 0.0021 0.9585 0.0025
56 4 4 0.0365 0.0040 0.0035 0.9515 0.0044
57 4 4 0.0411 0.0036 0.0035 0.9496 0.0022
58 4 4 0.0393 0.0038 0.0046 0.9498 0.0025
59 4 4 0.0276 0.0010 0.0019 0.9682 0.0013
60 4 4 0.0086 0.0010 0.0010 0.9884 0.0010 ,
61 4 4 0.0174 0.0010 0.0018 0.9785 0.0012
62 4 4 0.0186 0.0010 0.0010 0.9784 0.0010 i
63 4 4 0.0264 0.0010 0.0015 0.9690 0.0021

64 4 4 0.0245 0.0012 0.0015 0.9703 0.002565 4 4 0.0192 0.0010 0.0010 0.9778 0.0010
66 4 4 0.0232 0.0017 0.0029 0.9706 0.0016
67 4 4 0.0296 0.0010 0.0028 0.9656 0.0010 S
68 4 4 0.0299 0.0010 0.0024 0.9657 0.0010
69 4 4 0.0427 0.0010 0.0034 0.9516 0.0013
70 4 4 0.0367 0.0010 0.0028 0.9585 0.0010
71 4 4 0.0699 0.0014 0.0038 0.9232 0.0017
72 4 4 0.0737 0.0010 0.0027 0.9215 0.0011
73 4 4 0.0622 0.0010 0.0012 0.9346 0.0010
74 4 4 0.0493 0.0010 0.0010 0.9477 0.0010
75 4 4 0.0600 0.0010 0.OOiO 0.9369 0.0011
76 4 4 0.1062 0.0013 0.0016 0.8897 0.0012
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77 4 4 0.1112 0.0010 0.0013 0.8854 0.0010 -
78 4 4 0.1069 0.0010 0.0010 0.8898 0.0013
79 4 4 0.1078 0.0010 0.0010 0.8887 0.0014
80 4 4 0.1233 0.0010 0.0010 0.8737 0.0010
81 4 4 0.1323 0.0012 0.0012 0.8637 0.0016
82 4 4 0.1498 0.0010 0.0010 0.8472 0.0010
83 4 4 0.1013 0.0010 0.0010 0.8957 0.0010
84 4 4 0.1300 0.0012 0.0015 0.8663 0.0011
85 4 4 0.0400 0.0012 0.0012 0.9566 0.0010
86 4 4 0.0624 0.0056 0.0024 0.9286 0.0010
87 4 4 0.0483 0.0036 0.0017 0.9454 0.0010
88 4 4 0.0397 0.0010 0.0010 0.9573 0.0010
89 4 4 0.0660 0.0015 0.0011 0.9303 0.0010
90 4 4 0.0695 0.0010 0.0010 0.9275 0.0010
91 4 4 0.0841 0.0012 0.0010 0.9124 0.0013
92 4 4 0.0978 0.0010 0.0010 0.8992 0.0010
93 4 4 0.0981 0.0010 0.0010 0.8989 0.0010
94 25 1 4 0.4188 0.0110 0.0030 0.5639 0.0033

95 1 1 0.7485 0.0049 0.0032 0.2402 0.0031
96 1 1 0.8259 0.0010 0.0013 0.1682 0.0037
97 1 1 0.8690 0.0010 0.0010 0.1261 0.0029
98 1 1 0.8827 0.0010 0.0010 0.1128 0.0024 ,
99 1 1 0.8794 0.0010 0.0010 0.1166 0.0020
100 1 1 0.8443 0.0010 0.0010 0.1517 0.0020
101 1 1 0.8475 0.0010 0.0010 0.1490 0.0015
102 1 1 0.8934 0.0012 0.0011 0.1021 0.0021
103 1 1 0.9181 0.0020 0.0065 0.0719 0.0014
104 1 1 0.9838 0.0010 0.0048 0.0092 0.0012
105 1 1 0.9876 0.0010 0.0041 0.0063 0.0011
106 1 1 0.9891 0.0010 0.0027 0.0062 0.0011
107 1 1 0.9887 0.0010 0.0023 0.0070 0.0010
108 1 1 0.9894 0.0010 0.0017 0.0069 0.0010 0
109 1 1 0.9898 0.0010 0.0014 0.0068 0.0010
110 1 1 0.9876 0.0010 0.0016 0.0081 0.0017
111 1 1 0.9904 0.0010 0.0013 0.0059 0.0013
112 1 1 0.9906 0.0010 0.0014 0.0053 0.0017
113 1 1 0.9816 0.0018 0.0027 0.0124 0.0015 S
114 1 1 0.9861 0.0011 0.0022 0.0093 0.0013
115 1 1 0.9889 0.0010 0.0015 0.0076 0.0011
116 1 1 0.9866 0.0010 0.0011 0.0103 0.0010
117 1 1 0.9862 0.0010 0.0010 0.0107 0.0010
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118 1 1 0.9722 0.0010 0.0010 0.0248 0.0010
119 1 1 0.9799 0.0010 0.0010 0.0171 0.0010
120 1 1 0.9870 0.0010 0.0010 0.0100 0.0010
121 1 1 0.9858 0.0011 0.0011 0.0110 0.0010
122 1 1 0.9879 0.0010 0.0012 0.0089 0.0010
123 1 1 0.9937 0.0010 0.0010 0.0033 0.0010
124 1 1 0.9932 0.0013 0.0012 0.0027 0.0017
125 1 1 0.9939 0.0010 0.0012 0.0029 0.0010
126 1 1 0.9930 0.0010 0.0015 0.0035 0.0010
127 1 1 0.9919 0.0016 0.0011 0.0044 0.001-0
128 1 1 0.9813 0.0021 0.0020 0.0136 0.0010
129 1 1 0.9820 0.0019 0.0016 0.0135 0.0010
130 1 1 0.9835 0.0010 0.0014 0.0131 0.0010
131 1 1 0.9826 0.0010 0.0013 0.0141 0.0010
132 1 1 0.9885 0.0010 0.0010 0.0081 0.0013
133 1 1 0.9893 0.0010 0.0010 0.0077 0.0010-
134 1 1 0.9877 0.0010 0.0010 0.0093 0.0010
135 1 1 0.9882 0.0010 0.0010 0.0088 0.0010
136 1 1 0.9842 0.0010 0.0011 0.0126 0.0011
137 1 1 0.9841 0.0010 0.0010 0.0129 0.0010.
138 1 1 0.9848 0.0010 0.0010 0.0122 0.0010
139 1 1 0.9793 0.0013 0.0010 0.0170 0.0014
140 1 1 0.9884 0.0010 0.0013 0.0081 0.0012
141 1 1 0.9444 0.0062 0.0017 0.0463 0.0015
142 1 1 0.9758 0.0010 0.0010 0.0212 0.0010
143 1 1 0.9823 0.0010 0.0010 0.0147 0.0010
144 1 1 0.9851 0.0010 0.0010 0.0119 0.0010145 1 1 0.9870 0.0010 0.0010 0.0100 0.0010

146 1 1 0.9878 0.0010 0.0010 0.0092 0.0010
147 1 1 0.9904 0.0010 0.0010 0.0064 0.0012
148 1 1 0.9922 0.0010 0.0010 0.0048 0.0010
149 1 1 0.9930 0.0010 0.0010 0.0040 0.0010
150 1 1 0.9796 0.0113 0.0019 0.0052 0.0020 .151 1 1 0.9845 0.0087 0.0010 0.0048 0.0010
152 1 1 0.9382 0.0340 0.0011 0.0257 0.0010
153 1 1 0.9632 0.0179 0.0011 0.0169 0.0010
154 1 1 0.9691 0.0153 0.0015 0.0131 0.0010
155 1 1 0.9771 0.0111 0.0010 0.0098 0.0010
156 1 1 0.9828 0.0072 0.0010 0.0080 0.0010
157 1 1 0.9815 0.0095 0.0010 0.0070 0.0010
158 1 1 0.9845 0.0071 C.0010 0.0064 0.0010
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159 1 1 0.9851 0.0065 0.0010 0.0064 0.0010
160 1 1 0.9852 0.0046 0.0010 0.0081 0.0010
161 1 1 0.9857 0.0041 0.0010 0.0082 0.0010
162 1 1 0.8651 0.0013 0.0020 0.1296 0.0020
163 1 1 0.9772 0.0010 0.0024 0.0177 0.0017
164 1 1 0.9897 0.0010 0.0013 0.0064 0.0016
165 1 1 0.9932 0.0010 0.0010 0.0038 0.0011
166 1 1 0.9930 0.0010 0.0010 0.0040 0.0010
167 1 1 0.9939 0.0010 0.0010 0.0031 0.0010
168 1 1 0.9915 0.0010 0.0015 0.0049 0.0010
169 1 1 0.9914 0.0010 0.0016 0.0050 0.0010
170 1 1 0.9930 0.0010 0.0013 0.0037 0.0010
171 1 1 0.9823 0.0049 0.0095 0.0024 0.0010
172 1 1 0.9942 0.0010 0.0028 0.0010 0.0010
173 1 1 0.9954 0.0010 0.0017 0.0010 0.0010
174 1 1 0.9954 0.0011 0.0012 0.0013 0.0011
175 1 1 0.9960 0.0010 0.0010 0.0010 0.0010
176 1 1 0.9957 0.0010 0.0010 0.0012 0.0011
177 1 1 0.9953 0.0013 0.0010 0.0014 0.0010
178 1 1 0.9943 0.0015 0.0012 0.0020 0.0010
179 1 1 0.9947 0.0013 0.0012 0.0018 0.0010
180 1 1 0.9957 0.0010 0.0010 0.0013 0.0010
181 1 1 0.9953 0.0010 0.0011 0.0016 0.0010
182 1 1 0.9954 0.0010 0.0010 0.0016 0.0010
183 1 1 0.9959 0.0010 0.0010 0.0010 0.0011
184 1 1 0.9960 0.0010 0.0010 0.0010 0.0010

* 185 1 1 0.9958 0.0010 0.0012 0.0010 0.0010
186 1 1 0.9946 0.0016 0.0010 0.0018 0.0010
185 1 1 0.9954 0.0012 0.0010 0.0010 0.0010187 1 1 0.99546 0.0012 0.0010 0.0015 0.0010
188 1 1 0.9956 0.0012 0.0010 0.0012 0.0010

189 1 1 0.9920 0.0027 0.0012 0.0031 0.0010
190 1 1 0.9942 0.0014 0.0010 0.0025 0.0010
191 1 1 0.9944 0.0026 0.0010 0.0010 0.0010
192 1 1 0.9909 0.0036 0.0021 0.0015 0.0019
193 1 1 0.9892 0.0049 0.0030 0.0017 0.0012
194 1 1 0.9894 0.0045 0.0031 0.0019 0.0010
195 1 1 0.9922 0.0031 0.0023 0.0013 0.0010
196 1 1 0.9839 0.0060 0.0046 0.0045 0.0010
197 1 1 0.9882 0.0051 v.0027 0.0030 0.0010
198 1 1 0.9910 0.0038 0.0019 0.0024 0.0010
199 1 1 0.9914 0.0033 0.0018 0.0025 0.0010
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200 1 1 0.9836 0.0077 0.0010 0.0052 0.0024

201 1 1 0.9882 0.0050 0.0010 0.0046 0.0012
202 1 1 0.9909 0.0037 0.0010 0.0034 0.0010
203 1 1 0.9920 0.0030 0.0010 0.0030 0.0010
204 1 1 0.9922 0.0026 0.0010 0.0032 0.0010
206 1 1 0.9931 0.0016 0.0010 0.0033 0.0010
206 1 1 0.9929 0.0012 0.0010 0.0039 0.0010
207 1 1 0.9932 0.0012 0.0010 0.0035 0.0011
208 1 1 0.9941 0.0010 0.0010 0.0029 0.0010
209 1 1 0.9941 0.0016 0.0011 0.0021 0.0011
210 1 1 0.9945 0.0015 0.0011 0.0019 0.0010
211 1 1 0.9936 0.0013 0.0011 0.0030 0.0010
212 1 1 0.9918 0.0015 0.0012 0.0044 0.0010
213 1 1 0.9918 0.0015 0.0012 0.0044 0.0011
214 1 1 0.9929 0.0010 0.0010 0.0041 0.0010
215 1 1 0.9909 0.0019 0.0016 0.0045 0.0011
216 1 1 0.9931 0.0014 0.0014 0.0031 0.0010 .

217 1 1 0.9934 0.0012 0.0011 0.0032 0.0011
218 1 1 0.9889 0.0051 0.0021 0.0022 0.0017
219 1 1 0.9923 0.0037 0.0010 0.0020 0.0010
220 1 1 0.9921 0.0033 0.0011 0.0025 0.0010
221 1 1 0.9906 0.0041 0.0010 0.0033 0.0010
222 1 1 0.9919 0.0034 0.0010 0.0027 0.0010
223 1 1 0.9897 0.0050 0.0015 0.0028 0.0010
224 1 1 0.9913 0.0039 0.0013 0.0025 0.0010
225 1 1 0.9908 0.0040 0.0013 0.0029 0.0010
226 1 1 0.9900 0.0067 0.0010 0.0013 0.0010
227 1 1 0.9904 0.0062 0.0010 0.0013 0.0011
228 1 1 0.9946 0.0021 0.0010 0.0013 0.0010 I

229 1 1 0.9950 0.0017 0.0010 0.0013 0.0010
230 1 1 0.8701 0.1029 0.0051 0.0209 0.0010
231 1 1 0.8832 0.0910 0.0058 0.0190 0.0010 S
232 1 1 0.9196 0.0616 0.0048 0.0130 0.0010 %_N
233 1 1 0.9117 0.0643 0.0025 0.0201 0.0014
234 1 1 0.9326 0.0442 00024 0.0196 0.0013
235 1 1 0.9389 0.0386 0.0019 0.0196 0.0010
236 1 1 0.9535 0.0295 0.0016 0.0145 0.0010
237 1 1 0.9500 0.0319 0.0018 0.0152 0.0010
238 1 1 0.9589 0.0246 0.0016 0.0139 0.0010
239 1 1 0.7330 0.1092 0.0045 0.1518 0.0015
240 1 1 0.8111 0.0434 ).0036 0.1405 0.0015

% .1;,%

l : '-'

(°(3

i ".%

~ ~ *~***~********~** U~.'.~ V%' '% '



E.2 K'REST Results from Trajectory Two Resdual..

_1*

. l

"3% A.

-%

o3

l ll l 
- p



0
KREST: Kalman filter Expert SysTem. -6
NFRMS: 240

ITraj: 2

# Rule KR MAP P1 P2 P3 P4 P5

1 1 1 0.9600 0.0100 0.0100 0.0100 0.0100
2 1 1 0.9600 0.0100 0.0100 0.0100 0.0100
3 1 1 0.9605 0.0092 0.0100 0.0103 0.0099
4 1 1 0.9644 0.0014 0.0091 0.0178 0.0073

5 1 1 0.9046 0.0040 0.0140 0.0676 0.0098
6 1 1 0.8829 0.0051 0.0122 0.0900 0.0099

7 1 1 0.8849 0.0014 0.0082 0.0967 0.0087
8 1 1 0.8909 0.0013 0.0079 0.0918 0.0081
9 1 1 0.9001 0.0010 0.0077 0.0841 0.0071

10 1 1 0.9025 0.0013 0.0068 0.0812 0.0082
11 1 1 0.8835 0.0010 0.0070 0.1001 0.0084
12 1 1 0.8835 0.0010 0.0059 0.1036 0.0060
13 1 1 0.8625 0.0010 0.0053 0.1255 0.0057
14 1 1 0.8797 0.0010 0.0040 0.1121 0.0032
15 1 1 0.8957 0.0010 0.0039 0.0964 0.0030
16 1 1 0.8840 0.0010 0.0038 0.1083 0.0029
17 1 1 0.8948 0.0010 0.0039 0.0979 0.0024
18 1 1 0.9270 0.0010 0.0039 0.0672 0.0010 e

19 1 1 0.8661 0.0010 0.0025 0.1294 0.0010
20 1 1 0.9143 0.0010 0.0010 0.0827 0.0010
21 1 1 0.9020 0.0010 0.0010 0.0949 0.0011
22 1 1 0.9586 0.0010 0.0012 0.0383 0.0010
23 1 1 0.9668 0.0010 0.0010 0.0302 0.0010
24 1 1 0.9636 0.0010 0.0010 0.0334 0.0010
25 1 1 0.9634 0.0010 0.0010 0.0336 0.0010
26 1 1 0.7833 0.0010 0.0010 0.2137 0.0010 .
27 1 1 0.7072 0.0010 0.0010 0.2898 0.0010
28 1 1 0.8328 0.0017 0.0010 0.1635 0.0010
29 1 1 0.8499 0.0010 0.0010 0.1471 0.0010
30 1 1 0.8297 0.0010 0.0010 0.1673 0.0010
31 1 1 0.7769 0.0010 0.0010 0 2201 0 0010
32 1 1 0.7838 0.0010 0.0010 0 2132 0 3010
33 1 1 0.7676 0.0010 0 0010 0 2294 0 0010
34 1 1 0.7818 0.0010 C, 0010 0 2152 C 01:
35 F5 1 4 0.3677 0.0010 0010 2 6293 0
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36 4 4 0.2524 0.0010 0.0010 0.7446 0.0010 €
37 4 4 0.0835 0.0021 0.0010 0.9124 0.0010
38 4 4 0.0918 0.0018 0.0012 0.9043 0.0010
39 4 4 0.0903 0.0016 0.0012 0.9059 0.0010
40 4 4 0.1073 0.0010 0.0010 0.8896 0.0010

41 4 4 0.1377 0.0010 0.0010 0.8592 0.0011
42 4 4 0.0449 0.0010 0.0010 0.9521 0.0010
43 4 4 0.0366 0.0010 0.0010 0.9604 0.0010
44 4 4 0.0422 0.0011 0.0010 0.9544 0.0012
45 4 4 0.0261 0.0010 0.0013 0.9707 0.0010
46 4 4 0.0267 0.0010 0.0010 0.9703 0.0010 L
47 4 4 0.0325 0.0014 0.0014 0.9637 0.0010 0

48 4 4 0.0286 0.0010 0.0010 0.9684 0.0010
49 4 4 0.0345 0.0011 0.0015 0.9616 0.0014
50 4 4 0.0040 0.0010 0.0010 0.9930 0.0010
51 4 4 0.0037, 0.0010 0.0011 0.9932 0.0010
52 4 4 0.0052 0.0010 0.0010 0.9918 0.0010 S
53 4 4 0.0114 0.0018 0.0010 0.9842 0.0016
54 4 4 0.0242 0.0026 0.0016 0.9687 0.0029
55 4 4 0.0343 0.0026 0.0021 0.9585 0.0025 %
56 4 4 0.0365 0.0040 0.0035 0.9515 0.0044
57 4 4 0.0411 0.0036 0.0035 0.9496 0.0022
58 4 4 0.0393 0.0038 0.0046 0.9498 0.0025 4
59 4 4 0.0276 0.0010 0.0019 0.9682 0.0013
60 4 4 0.0086 0.0010 0.0010 0.9884 0.0010
61 4 4 0.0174 0.0010 0.0018 0.9785 0.0012
62 4 4 0.0179 0.0010 0.0011 0.9790 0.0010 •
63 4 4 0.0369 0.0014 0.0029 '.9564 0.0024
64 4 4 0.0332 0.0252 0.0150 0.8690 0.0576
65 75 2 4 0.0194 0.1596 0.0631 0,4463 0.3115
66 75 2 5 0.0010 0.4115 0.0010 0.0010 0.5855
67 5 5 0.0010 0.3375 0.0035 0.0010 0.6571
68 5 5 0.0010 0.3250 0.0010 0.0010 0.6720--'.
69 2 2 0.0010 0.5609 0.0010 0.0010 0.4361
70 2 2 0.0010 0.5193 0.0010 0.0010 0 4777
71 2 2 0.0010 0.5114 0 0010 0.0010 0 4856
72 5 5 0.0010 0.2619 0 0010 0.0010 0 7351
73 2 2 0.0010 0.5050 0.0010 0.0010 0 492C
74 5 5 0.0010 0.2334 0 0010 0.0010 0 7636
75 5 5 0.0010 0.1971 '0 0010 0.0010 3 7999
76 2 2 0.0010 0.9960 ) 0010 0.0010 0 0.

%6

p0

p'.,"



,0

77 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
78 2 2 0.0014 0.9941 0.0014 0.0015 0.0016

79 2 2 0.0021 0.9899 0.0028 0.0024 0.0028
80 2 2 0.0057 0.9721 0.0059 0.0084 0.0079
81 2 2 0.0093 0.9582 0.0082 0.0129 0.0114
82 2 2 0.0245 0.8937 0.0176 0.0352 0.0292
83 2 2 0.0190 0.9005 0.0138 0.0409 0.0258
84 2 2 0.1003 0.5316 0.0794 0.2063 0.0824
85 75 2 4 0.1452 0.3067 0.1334 0.4017 0.0130
86 70 1 4 0.1871 0.1637 0.1797 0.4611 0.0085
87 70 1 4 0.2382 0.0168 0.1750 0.5682 0.0018
88 4 4 0.2123 0.0398 0.0877 0.6556 0.0045
89 25 1 4 0.3316 0.0348 0.1385 0.4915 0.0035
90 25 1 4 0.3501 0.0445 0.1168 0.4838 0.0047
91 25 1 4 0.3705 0.0556 0.0992 0.4680 0.0068
92 25 1 4 0.3949 0.0492 0.1016 0.4493 0.0050
93 25 1 4 0.3991 0.0449 0.0975 0.4531 0.0054
94 25 1 4 0.4310 0.0052 0.0689 0.4939 0.0010

95 1 1 0.6342 0.0010 0.0811 0.2827 0.0010..%:
96 1 1 0.7714 0.0010 0.0491 0.1771 0.0014
97 1 1 0.8393 0.0010 0.0397 0.1182 0.0018
98 1 1 0.8556 0.0010 0.0335 0.1082 0.0017
99 1 1 0.9089 0.0010 0.0329 0.0562 0.0010
100 1 1 0.8991 0.0011 0.0289 0.0696 0.0013

101 1 1 0.9223 0.0010 0.0203 0.0554 0.0010
102 1 1 0.9280 0.0010 0.0176 0.0524 0.0010
103 1 1 0.9232 0.0010 0.0725 0.0023 0.0010 0
104 1 1 0.9431 0.0010 0.0539 0.0010 0.0010
105 1 1 0.9479 0.0010 0.0491 0.0010 0.0010
106 1 1 0.9612 0.0010 0.0358 0.0010 0.0010
107 1 1 0.9527 0.0019 0.0429 0.0010 0.0014
108 1 1 0.9514 0.0017 0.0443 0.0010 0.0015 .
109 1 1 0.9554 0.0017 0.0402 0.0010 0.0017
110 1 1 0.9417 0.0077 0.0412 0.0010 0 0083
111 1 1 0.9378 0.0075 0.0444 0.0010 0.0093
112 1 1 0.9311 0.0092 0.0513 0.0012 0.0072
113 1 1 0.9150 0.0232 0.0522 0.0013 0-0084 f
114 1 1 0.8969 0.0326 0.0561 0.0012 0.0133
115 1 1 0.8866 0.0396 0.0627 0.0010 0.0101
:16 1 1 0.7810 0.1015 3.0917 0.0010 0.0248
:17 1 1 0.7207 0.1235 ,.1255 0.0012 0.0291
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118 2 2 0.2131 0.5801 0.1786 0.0037 0.0245
119 2 2 0.2427 0.5218 0.2107 0.0036 0.0212
120 55 3 2 0.1646 0.4378 0.3703 0.0033 0.0240
121 55 3 2 0.0569 0.5240 0.4081 0.0023 0.0087

122 55 3 2 0.0454 0.4991 0.4461 0.0023 0.0072
123 3 3 0.1934 0.0659 0.7119 0.0076 0.0212
124 3 3 0.1903 0.0464 0.7371 0.0068 0.0194 .0

125 3 3 0.0981 0.0673 0.8151 0.0136 0.0060
126 3 3 0.0517 0.0628 0.8666 0.0147 0.0042
127 3 3 0.0858 0.1057 0.7833 0.0180 0.0072 ',
128 3 3 0.0178 0.2702 0.6952 0.0142 0.0026
129 3 3 0.0062 0.3994 0.5822 0.0083 0.0038
130 3 3 0.0057 0.3650 0.6203 0.0069 0.0022
131 3 3 0.0026 0.4695 0.5203 0.0058 0.0017
132 30 3 2 0.0010 0.5752 0.4189 0.0013 0.0036
133 3 3 0.0022 0.2635 0.7300 0.0027 0.0016
134 3 3 0.0010 0.2494 0.7476 0.0010 0.0010
135 3 3 0.0010 0.2126 0.7844 0.0010 0.0010
139 3 3 0.0010 0.2415 0.7551 0.0010 0.0014
137 3 3 0.0010 01898 0.8068 0.0010 0.0014 .
138 3 3 0.0010 01733 0.8237 0.0010 0.0010
139 3 3 0.0010 03832 0.6134 0.0010 0.0014

140 3 3 0.0010 0.4667 0.5303 0.0010 0.0010
141 30 3 2 0.0010 0.6509 0.3455 0.0015 0.0010
142 30 3 2 0.0013 0.5463 0.4499 0.0012 0.0013
143 30 3 2 0.0018 0.5188 0.4767 0.0012 0.0015
144 3 3 0.0010 0.4584 0.5381 0.0010 0.0015
145 3 3 0.0010 0.4631 0.5335 0.0010 0.0013

146 3 3 0.0010 0.4267 0.5703 0.0010 0.0010
147 3 3 0.0010 0.4049 0.5920 0.0011 0.0010
148 30 3 2 0.0010 0.5294 0.4676 0.0011 0.0010
149 3 3 0.0011 0.4604 0.5363 0.0010 0.0011 _

150 3 3 0.0014 0.0606 0.9351 0.0019 0.0010
151 3 3 0.0020 0.0268 0.9662 0.0040 0.0010
152 3 3 0.0018 0.0334 0.9577 0.0062 0.0010
153 3 3 0.0039 0.0834 0.8813 0.0298 0.0016
154 3 3 0.0046 0.0436 0.9258 0.0249 0.0010 0
155 3 3 0.0055 0.1924 0.7499 0.0511 0.0012
156 3 3 0.0057 0.1529 0.8033 0.0365 0.0016
157 3 3 0.0036 0.2770 0.6914 0.0255 0.0024
158 3 3 0.0029 0.2436 0.7266 0.0241 0.0028
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159 3 3 0.0017 0.3131 0.6603 0.0208 0.0041 I
160 3 3 0.0028 0.2789 0.6825 0.0348 0.0010
161 3 3 0.0029 0.2175 0.7348 0.0438 0.0010
162 3 3 0.0010 0.0384 0.8851 0.0745 0.0010
163 3 3 0.0010 0.0053 0.9696 0.0231 0.0010
164 3 3 0.0013 0.0058 0.9801 0.0100 0.0028
165 3 3 0.0017 0.0035 0.9858 0.0037 0.0053
166 3 3 0.0010 0.0032 0.9902 0.0043 0.0013
167 3 3 0.0010 0.0018 0.9918 0.0043 0.0010
168 3 3 0.0010 0.0023 0.9900 0.0057 0.0010
169 3 3 0.0010 0.0016 0.9905 0.0059 0.0010
170 3 3 0.0010 0.0014 0.9916 0.0050 0.0010
171 3 3 0.0010 0.0039 0.9664 0.0277 0.0010
172 3 3 0.0023 0.0052 0.9352 0.0554 0.0019
173 3 3 0.0029 0.0047 0.9451 0.0446 0.0027
174 3 3 0.0047 0.0083 0.9393 0.0405 0.0072
175 3 3 0.0036 0.0063 0.9557 0.0273 0.0072
176 3 3 0.0050 0.0071 0.9484 0.0293 0.0102
177 3 3 0.0044 0.0091 0.9503 0.0204 0.0158

178 3 3 0.0041 0.0087 0.9540 0.0172 0.0160 4

179 3 3 0.0047 0.0100 0.9511 0.0136 0.0205 N
180 3 3 0.0054 0.0022 0.9741 0.0128 0.0055

181 3 3 0.0048 0.0014 0.9789 0.0102 0.0047
182 3 3 0.0066 0.002. 0.9722 0.0149 0.0043
183 3 3 0.0058 0.0017 0.9770 0.0131 0.0024
184 3 3 0.0050 0.0019 0.9771 0.0142 0.0018
185 3 3 0.0040 0.0018 0.9748 0.0185 0.0010
186 3 3 0.0028 0.0031 0.9066 0.0863 0.0013
187 3 3 0.0016 0.0027 0.9199 0.0747 0.0010
188 3 3 0.0010 0.0048 0.9157 0.0775 0.0010
189 3 3 0.0010 0.0070 0.8824 0.1086 0.0010
190 3 3 0.0010 0.0060 0.8900 0.1020 0.0010 0
191 3 3 0.0021 0.0014 0.8796 0.1158 0.0010
192 3 3 0.0014 0.0018 0.8962 0.0993 0.0012
193 3 3 0.0010 0.0019 0.8669 0.1293 0.0010 ..%
194 3 3 0.0010 0.0021 0.8317 0.1642 0.0010 .P"

195 3 3 0.0015 0.0022 0.7720 0.2230 0.0013
196 3 3 0.0010 0.0107 0.6231 0.3642 0.0010

197 3 3 0.0010 0.0063 0.5988 0.3926 0.0012
198 3 3 0.0013 0.0056 0.5393 0.4524 0.0014
199 3 3 0.0010 0.0061 1.5050 0.4869 0.0010
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200 4 4 0.0012 0.0155 0.4300 0.5500 0.0034
201 4 4 0.0015 0.0110 0.4515 0.5328 0.0032
202 4 4 0.0017 0.0137 0.4806 0.4996 0.0044
203 3 3 0.0015 0.0146 0.5544 0.4245 0.0049
204 3 3 0.0018 0.0137 0.5498 0.4296 0.0052
205 3 3 0.0021 0.0126 0.5444 0.4377 0.0033
206 3 3 0.0012 0.0257 0.4943 0.4746 0.0042
207 3 3 0.0010 0.0352 0.5340 0.4232 0.0067
208 3 3 0.0010 0.0375 0.5512 0.4042 0.0061
209 3 3 0.0010 0.1098 0.6205 0.2621 0.0066
210 3 3 0.0010 0.0870 0.6674 0.2396 0.0050
211 3 3 0.0010 0.0541 0.6694 0.2735 0.0020
212 3 3 0.0010 0.0688 0.5826 0.3461 0.0014
213 3 3 0.0010 0.0880 0.6131 0.2968 0.0011
214 3 3 0.0010 0.0702 0.6296 0.2982 0.0010
215 3 3 0.0010 0.0791 0.5750 0.3439 0.0010
216 3 3 0.0011 0.0643 0.6220 0.3117 0.0010
217 3 3 0.0015 0.0613 0.6449 0.2911 0.0012
218 3 3 0.0013 0.0161 0.6665 0.3152 0.0010
219 4 4 0.0016 0.0101 0.3571 0.6303 0.0010
220 4 4 0.0010 0.0078 0.2996 0.6907 0.0010
221 4 4 0.0010 0.0101 0.2346 0.7533 0.0010
222 4 4 0.0010 0.0085 0.2304 0.7592 0.0010
223 4 4 0.0010 0.0069 0.2628 0.7283 0.0010
224 4 4 0.0010 0.0086 0.2292 0.7602 0.0010
225 4 4 0.0010 0.0118 0.2680 0.7181 0.0010
226 4 4 0.0011 0.0364 0.4454 0.5148 0.0023
227 4 4 0.0010 0.0482 0.4090 0.5394 0.0024
228 4 4 0.0012 0.0350 0.3057 0.6572 0.0010 S
229 4 4 0.0010 0.0253 0.2833 0.6895 0.0010
230 4 4 0.0010 0.0159 0.0326 0.9495 0.0010
231 4 4 0.0010 0.0154 0.0323 0.9504 0.0010
232 4 4 0.0010 0.0130 0.0326 0.9523 0.0010
233 4 4 0.0018 0.0170 0.0262 0.9534 0.0016
234 4 4 0.0012 0.0167 0.0273 0.9537 0.0010 ""
235 4 4 0.0014 0.0120 0.0283 0.9573 0.0010 -5-236 4 4 0.0014 0.0112 0.0306 0.9558 0.0010
237 4 4 0.0016 0.0102 0.0327 0.9544 0.0011 "
238 4 4 0.0022 0.0067 0.0340 0.9561 0.0010

239 4 4 0.0010 0.0010 0.1409 0.8560 0.0011
240 4 4 0.0027 0.0010 0.2164 0.7773 0.0025
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KREST: Kalman filter Expert SysTem.

NFRMS: 240

ITraj: 3

# Rule KR MAP P1 P2 P3 P4 P5

1 1 1 0.9600 0.0100 0.0100 0.0100 0.0100
2 1 1 0.9600 0.0100 0.0100 0.0100 0.0100
3 1 1 0.9605 0.0092 0.0100 0.0103 0.0099
4 1 1 0.9644 0.0014 0.0091 0.0178 0.0073
5 1 1 0.9046 0.0040 0.0140 0.0676 0.0098
6 1 1 0.8829 0.0051 0.0122 0.0900 0.0099
7 1 1 0.8849 0.0014 0.0082 0.0967 0.0087
8 1 1 0.8909 0.0013 0.0079 0.0918 0.0081
9 1 1 0.9001 0.0010 0.0077 0.0841 0.0071 "

10 1 1 0.9025 0.0013 0.0068 0.0812 0.0082
11 1 1 0.8835 0.0010 0.0070 0.1001 0.0084
12 1 1 0.8835 0.0010 0.0059 0.1036 0.0060 -"
13 1 1 0.8625 0.0010 0.0053 0.1255 0.0057
14 1 1 0.8797 0.0010 0.0040 0.1121 0.0032
15 1 1 0.8957 0.0010 0.0039 0.0964 0.0030 0

16 1 1 0.8840 0.0010 0.0038 0.1083 0.0029
17 1 1 0.8948 0.0010 0.0039 0.0979 0.0024
18 1 1 0.9270 0.0010 0.0039 0.0672 0.0010
19 1 1 0.8661 0.0010 0.0025 0.1294 0.0010
20 1 1 0.9143 0.0010 0.0010 0.0827 0.0010

21 1 1 0.9020 0.0010 0.0010 0.0949 0.0011
22 1 1 0.9586 0.0010 0.0012 0.0383 0.0010
23 1 1 0.9668 0.0010 0.0010 0.0302 0.0010
24 1 1 0.9636 0.0010 0.0010 0.0334 0.0010
25 1 1 0.9634 0.0010 0.0010 0.0336 0.0010
26 1 1 0.7833 0.0010 0.0010 0.2137 0.0010
27 1 1 0.7072 0.0010 0.0010 0.2898 0.0010
28 1 1 0.8328 0.0017 0.0010 0.1635 0.0010
29 1 1 0.8499 0.0010 0.0010 0.1471 0.0010
30 1 1 0.8297 0.0010 0.0010 0.1673 0.0010
31 1 1 0.7769 0.0010 0.0010 0.2201 0.0010 0
32 1 1 0.7838 0.0010 0.0010 0.2132 0.0010
33 1 1 0.7676 0.0010 0.0010 0.2294 0.0010
34 1 1 0.7818 0.0010 0.0010 0.2152 0.0010
35 65 1 4 0.3677 0.0010 0.0010 0.6293 0.0010 V"
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36 4 4 0.2524 0.0010 0.0010 0.7446 0.0010
37 4 4 0.0835 0.0021 0.0010 0.9124 0.0010
38 4 4 0.0918 0.0018 0.0012 0.9043 0.0010
39 4 4 0.0903 0.0016 0.0012 0.9059 0.0010
40 4 4 0.1073 0.0010 0.0010 0.8896 0.0010
41 4 4 0.1377 0.0010 0.0010 0.8592 0.0011
42 4 4 0.0449 0.0010 0.0010 0.9521 0.0010
43 4 4 0.0366 0.0010 0.0010 0.9604 0.0010
44 4 4 0.0422 0.0011 0.0010 0.9544 0.0012
45 4 4 0.0261 0.0010 0.0013 0.9707 0.0010
46 4 4 0.0267 0.0010 0.0010 0.9703 0.0010
47 4 4 0.0325 0.0014 0.0014 0.9637 0.0010
48 4 4 0.0286 0.0010 0.0010 0.9684 0.0010
49 4 4 0.0345 0.0011 0.0015 0.9616 0.0014
50 4 4 0.0040 0.0010 0.0010 0.9930 0.0010
51 4 4 0.0037 0.0010 0.0011 0.9932 0.0010
52 4 4 0.0052 0.0010 0.0010 0.9918 0.0010
53 4 4 0.0114 0.0018 0.0010 0.9842 0.0016
54 4 4 0.0242 0.0026 0.0016 0.9687 0.0029
55 4 4 0.0343 0.0026 0.0021 0.9585 0.0025
56 4 4 0.0365 0.0040 0.0035 0.9515 0.0044
57 4 4 0.0411 0.0036 0.0035 0.9496 0.0022 5
58 4 4 0.0393 0.0038 0.0046 0.9498 0.0025
59 4 4 0.0276 0.0010 0.0019 0.9682 0.0013
60 4 4 0.0086 0.0010 0.0010 0.9884 0.0010
61 4 4 0.0174 0.0010 0.0018 0.9785 0.0012
62 4 4 0.0179 0.0010 0.0011 0.9790 0.0010 0
63 4 4 0.0369 0.0014 0.0029 0.9564 0.0024
64 4 4 0.0332 0.0252 0.0150 0.8690 0.0576
65 75 2 4 0.0194 0.1596 0.0631 0.4463 0.3115
66 75 2 5 0.0010 0,4115 0.0010 0.0010 0.5855
67 5 5 0.0010 0.3375 0.0035 0.0010 0.6571 0
68 5 5 0.0010 0.3250 0.0010 0.0010 0.6720
69 2 2 0.0010 0.5609 0.0010 0.0010 0.4361
70 2 2 0.0010 0.5193 0.0010 0.0010 0.4777
71 2 2 0.0010 0.5114 0.0010 0.0010 0.4856
72 5 5 0.0010 0.2619 0.0010 0.0010 0.7351 S
73 2 2 0.0010 0.5050 0.0010 0.0010 0.4920
74 5 5 0.0010 0.2334 0.0010 0.0010 0.7636
75 5 5 0.0010 0.1971 0.0010 0.0010 0.7999
76 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
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77 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
78 2 2 0.0014 0.9941 0.0014 0.0015 0.0016
79 2 2 0.0021 0.9899 0.0028 0.0024 0.0028
80 2 2 0.0057 0.9721 0.0059 0.0084 0.0079
81 2 2 0.0093 0.9582 0.0082 0.0129 0.0114
82 2 2 0.0245 0.8937 0.0176 0.0352 0.0292
83 2 2 0.0190 0.9005 0.0138 0.0409 0.0258
84 2 2 0.1003 0.5316 0.0794 0.2063 0.0824
85 75 2 4 0.1452 0.3067 0.1334 0.4017 0.0130
86 70 1 4 0.1871 0.1637 0.1797 0.4611 0.0085
87 70 1 4 0.2382 0.0168 0.1750 0.5682 0.0018
88 4 4 0.2123 0.0398 0.0877 0.6556 0.0045
89 25 1 4 0.3316 0.0348 0.1385 0.4915 0.0035
90 25 1 4 0.3501 0.0445 0.1168 0.4838 0.0047
91 25 1 4 0.3705 0.0556 0.0992 0.4680 0.0068
92 25 1 4 0.3)49 0.0492 0.1016 0.4493 0.0050
93 25 1 4 0.3991 0.0449 0.0975 0.4531 0.0054
94 25 1 4 0.4310 0.0052 0.0689 0.4939 0.0010
95 1 1 0.6342 0.0010 0.0811 0.2827 0.0010
96 1 1 0.7714 0.0010 0.0491 0.1771 0.0014
97 1 1 0.8393 0.0010 0.0397 0.1182 0.0018
98 1 1 0.8556 0.0010 0.0335 0.1082 0.0017 e
99 1 1 0.9089 0.0010 0.0329 0.0562 0.0010 '€,
100 1 1 0.8991 0.0011 0.0289 0.0696 0.0013
101 1 1 0.9223 0.0010 0.0203 0.0554 0.0010
102 1 1 0.9280 0.0010 0.0176 0.0524 0.0010
103 1 1 0.9232 0.0010 0.0725 0.0023 0.0010 •
104 1 1 0.9431 0.0010 0.0539 0.0010 0.0010
105 1 1 0.9479 0.0010 0.0491 0.0010 0.0010
106 1 1 0.9612 0.0010 0.0358 0.0010 0.0010
107 1 1 0.9564 0.0011 0.0403 0.0010 0.0011
108 1 1 0.9639 0.0010 0.0331 0.0010 0.0010 0
109 1 1 0.9543 0.0010 0.0427 0.0010 0.0010
110 1 1 0.9684 0.0010 0.0286 0.0010 0.0010
111 1 1 0.7493 0.0068 0.2285 0.0012 0.0141
112 45 2 5 0.0106 0.1004 0.4088 0.0010 0.4792
113 2 2 0.0010 0.8043 0.1404 0.0010 0.0533
114 2 2 0.0010 0.8528 0.0618 0.0010 0.0835
115 2 2 0.0010 0.8743 0.0069 0.0010 0.1168
116 2 2 0.0010 0.7134 0.0096 0.0010 0.2750
117 2 2 0.0010 0.5463 0.0054 0.0010 0.4462
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118 5 5 0.0010 0.3182 0.0019 0.0010 0.6779
119 5 5 0.0010 0.1983 0.0010 0.0010 0.7987 'n

120 5 5 0.0010 0.0350 O,0027 0.0010 0.9604121 5 5 0.0010 0.0180 0.0022 0.0010 0.9778
122 5 5 0.0010 0.0151 0.0010 0.0010 0.9819
123 5 5 0.0010 0.0176 0.0010 0.0010 0.9794

124 5 5 0.0010 0.0105 0.0010 0.0010 0.9865
125 5 5 0.0010 0.0088 0.0017 0.0010 0.9875

126 5 5 0.0010 0.0077 0.0016 0.0010 0.9887

127 5 5 0.0010 0.0372 0.0032 0.0010 0.9576
128 5 5 0.0010 0.0263 0.0020 0.0010 0.9697
129 5 5 0.0010 0.0275 0.0017 0.0010 0.9688
130 5 5 0.0010 0.0093 0.0029 0.0010 0.9858
131 5 5 0.0010 0.0033 0.0033 0.0010 0.9914
132 5 5 0.0011 0.0052 0.0022 0.0010 0.9906"4'
133 5 5 0.0010 0.0010 0.0028 0.0010 0.9942
134 5 5 0.0010 0.0010 0.0028 0.0010 0.9942
135 5 5 0.0010 0.0010 0.0037 0.0010 0.9933
136 5 5 0.0011 0.0010 0.0037 0.0012 0.9929
137 5 5 0.0010 0.0011 0.0035 0.0010 0.9934
138 5 5 0.0012 0.0010 0.0030 0.0010 0.9938
139 5 5 0.0010 0.0010 0.0013 0.0012 0.9954
140 5 5 0.0013 0.0010 0.0017 0.0011 0.9949 "'
141 5 5 0.0010 0.0027 0.0016 0.0026 0.9921
142 5 5 0.0019 0.0010 0.0017 0.0027 0.9926
143 5 5 0.0024 0.0010 0.0012 0.0020 0.9934
144 5 5 0.0027 0.0010 0.0012 0.0015 0.99345144 5 5 0.0027 0.0010 0.0012 0.0015 0.9935
145 5 5 0.0029 0.0010 0.0012 0.0016 0.9933
146 5 5 0.0040 0.0010 0.0013 0.0018 0.9918 N
147 5 5 0.0047 0.0010 0.0011 0.0020 0.9912
148 5 5 0.0034 0.0010 0.0010 0.0022 0.9924
149 5 5 0.0039 0.0010 0.0010 0.0017 0.9924

150 5 5 0.0264 0.0010 0.0037 0.0107 0.9582

151 5 5 0.1362 0.0010 0.0169 0.0544 0.7915
152 5 5 0.0378 0.0340 0.0109 0.3531 0.5642
153 5 5 0.0478 0.0250 0.0115 0.3382 0.5775
154 5 5 0.0513 0.0080 0.0105 0.3686 0.5617 0
155 5 5 0.0606 0.0061 0.0094 0.3918 0.5322
156 5 5 0.0583 0.0050 0.0100 0.2540 0.6727
157 5 5 0.0345 0.0053 0.0075 0.1655 0.7873
158 5 5 0.0386 0.0047 0.0076 0.1500 0.7991
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159 5 5 0.0382 0.0042 0.0069 0.1267 0.8239
160 70 1 5 0.1276 0.0010 0.0109 0.3461 0.5144
161 70 1 5 0.1412 0.0010 0.0080 0.3438 0.5059
162 4 4 0.0213 0.0291 0.0068 0.8563 0.0864
163 4 4 0.0319 0.0131 0.0098 0.8337 0.1116
164 70 1 4 0.1246 0.0191 0.0183 0.4807 0.3574
165 70 1 5 0.1741 0.0039 0.0138 0.2818 0.5264 %

166 70 1 5 0.2125 0.0029 0.0152 0.2966 0.4729
167 70 1 5 0.1858 0.0026 0.0138 0.3078 0.4900
168 70 1 5 0.1948 0.0027 0.0294 0.3356 0.4374
169 70 1 5 0.1895 0.0024 0.0299 0.3722 0.4061
170 70 1 5 0.2170 0.0020 0.0297 0.3624 0.3890
171 3 3 0.1228 0.0052 0.5069 0.1733 0.1919
172 40 1 3 0.2866 0.0010 0.3552 0.0984 0.2589
173 1 1 0.4021 0.0010 0.2941 0.0662 0.2367
174 1 1 0.4882 0.0010 0.2034 0.0624 0.2450
175 1 1 0.5496 0.0010 0.1595 0.0544 0.2355
176 1 1 0.5604 0.0013 0.1484 0.0797 0.2102
177 1 1 0.6006 0.0017 0.1325 0.1000 0.1651
178 1 1 0.5433 0.0020 0.1619 0.1417 0.1510
179 1 1 0.5833 0.0017 0.1602 0.1409 0.1140

180 1 1 0.6505 0.0010 0.0945 0.1235 0.1306
181 1 1 0.6475 0.0010 0.1032 0.1537 0.0945
182 1 1 0.6912 0.0010 0.0456 0.1619 0.1003
183 1 1 0.7812 0.0010 0.0395 0.0849 0.0935
184 1 1 0.8141 0.0010 0.0338 0.0716 0.0795
185 1 1 0.7794 0.0010 0.0436 0.0641 0.1119
186 1 1 0.8753 0.0010 0.0196 0.0748 0.0293
187 1 1 0.8929 0.0010 0.0159 0.0652 0.0250
188 1 1 0.894 0.0010 0.0165 0.0666 0.0215
189 1 1 0.8511 0.0010 0.0163 0.1164 0.0152
190 1 1 0.8908 0.0010 0.0138 0.0830 0.0114 S
191 1 1 0.9273 0.0010 0.0087 0.0376 0.0254
192 1 1 0.9160 0.0011 0.0130 0.0323 0.0377
193 1 1 0.9219 0.0012 0.0208 0.0401 0.0160
194 1 1 0.9155 0.0010 0.0240 0.0474 0.0121
195 1 1 0.9367 0.0010 0.0160 0.0354 0.0109
196 1 1 0.8809 0.0022 0.0129 0.0970 0.0069

197 1 1 0.9194 0.0012 0.0079 0.0667 0.0048
198 1 1 0.9463 0.0010 0.0062 0.0433 0.0032
199 1 1 0.9459 0.0010 0.0062 0.0446 0.0024
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200 1 1 0.8839 0.0030 0.0043 0.1058 0.0031
201 1 1 0.8819 0.0032 0.0035 0.1094 0.0020

202 1 1 0.8930 0.0027 0.0031 0.0994 0.0018
203 1 1 0.9124 0.0020 0.0024 0.0816 0.0017
204 1 1 0.9022 0.0018 0.0020 0.0924 0.0016
205 1 1 0.8925 0.0017 0.0015 0.1031 0.0013
206 1 1 0.8761 0.0019 0.0010 0.1199 0.0011
207 1 1 0.8893 0.0012 0.0010 0.1073 0.0012
208 1 1 0.9022 0.0010 0.0010 0.0948 0.0010
209 1 1 0.9186 0.0012 0.0014 0.0776 0.0012
210 1 1 0.9311 0.0010 0.0014 0.0656 0.0010
211 1 1 0.9060 0.0010 0.0010 0.0910 0.0010
212 1 1 0.8448 0.0016 0.0015 0.1512 0.0010
213 1 1 0.8287 0.0011 0.0014 0.1677 0.0011
214 1 1 0.8466 0.0010 0.0010 0.1504 0.0010
215 1 1 0.8418 0.0010 0.0014 0.1547 0.0011
216 1 1 0.8839 0.0010 0.0012 0.1129 0.0010
217 1 1 0.8974 0.0010 0.0012 0.0995 0.0010
218 1 1 0.9119 0.0016 0.0021 0.0828 0.0016
219 1 1 0.9212 0.0010 0.0010 0.0757 0.0010
220 1 1 0.9087 0.0010 Q.0010 0.0883 0.0010 -
221 1 1 0.8830 0.0013 0.0011 0.1136 0.0010
222 1 1 0.8960 0.0010 0.0010 0.1010 0.0010
223 1 1 0.9365 0.0016 0.0016 0.0588 0.0014
224 1 1 0.9414 0.0015 0.0014 0.0547 0.0010
225 1 1 0.9453 0.0010 0.0012 0.0515 0.0010
226 1 1 0.9727 0.0026 0.0015 0.0214 0.0018
227 1 1 0.9753 0.0021 0.0012 0.0198 0.0016pi
228 1 1 0.9780 0.0010 0.0010 0.0190 0.0010
229 1 1 0.9825 0.0010 0.0010 0.0145 0.0010 JI,

230 1 1 0.6593 0.0109 0.0035 0.3251 0.0013
231 1 1 0.6770 0.0061 0.0033 0.3126 0.0010
232 1 1 0.7081 0.0052 0.0032 0.2825 0.0010
233 1 1 0.6558 0.0068 0.0012 0.3352 0.0010
234 1 1 0.6798 0.0051 0.0011 0.3130 0.0010
235 1 1 0.6800 0.0050 0.0010 0.3129 0.0011
236 1 1 0.7486 0.0043 0.0010 0.2451 0.0010
237 1 1 0.7594 0.0039 0.0010 0.2347 0.0010
238 1 1 0.7691 0.0032 0.0010 0.2257 0.0010
239 4 4 0.2566 0.0037 0.0019 0.7368 0.0010
240 4 4 0.2418 0.0010 0.0012 0.7550 0.0010

I
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* KREST: Kalman f:iter Expert SysTem.
NFRMS: 240
ITrai : 4

S Rule KR MAP P1 P2 P3 P4 P5

0 1 1 0.9600 0.0100 0.0100 0.0100 0.0100
2 1 1 0.9600 0.0100 0.0100 0.0100 0.0100
3 1 1 0.9605 0.0092 0.0100 0.0103 0.0099
4 1 1 0.9644 0.0014 0.0091 0.0178 03.0073
5 1 1 0.9046 0.0040 0.0140 0.0676 0.0098
6 1 1 0.8829 0.0051 0.0122 0.0900 0.0099
7 1 1 0.8849 0.0014 0.0082 0.0967 0.0087
8 1 1 0.8909 0.0013 0.0079 0.0918 0.0081
9 1 1 0.9001 0.0010 0.0077 0.0841 0.0071

P.10 1 1 0.9025 0.0013 0.0068 0.0812 0.0082
11 1 1 0.8835 0.0010 0.0070 0.1001 0,0084
12 1 1 0.8835 0.0010 0.0059 0.1036 0.0060
13 1 1 0.8625 0.0010 0.0053 0.1255 0.0057
14 1 1 0.8797 0.0010 0.0040 0.1121 0.0032
15 1 1 0.8957 0.0010 0.0039 0.0964 0.0030

* 16 1 1 0.8840 0.0010 0.0038 0.1083 0.0029
17 1 1 0.8948 0.0010 0.0039 0.0979 0.0024
18 1 1 0.9270 0.0010 0.0039 0.0672 0.0010
19 1 1 0.8661 0.0010 0.0025 0.1294 0.0010
20 1 1 0.9143 0.0010 0.0010 0.0827 0.0010

* 21 1 1 0.9020 0.0010 0.0010 0.0949 0.001122 1 1 0.9586 0.0010 0.0012 0.0383 0.0010
23 1 1 0.9668 0.0010 0.0010 0.0302 0.0010
24 1 1 0.9636 0.0010 0.0010 0.0334 0.0010
25 1 1 0.9634 0.0010 0.0010 0.0336 0.0010 ,%26 1 1 0.7833 0.0010 0.0010 0.2137 0.0010
27 1 1 0.7072 0.0010 0.0010 0.2898 0.0010
28 1 1 0.8328 0.0017 0.0010 0.1635 0.0010
29 1 1 0.8499 0.0010 0.0010 0.1471 0.0010
30 1 1 0.8297 0.0010 0.0010 0.1673 0.0010
31 1 1 0.7769 0.0010 0.0010 0.2201 0.0010
32 1 1 0.7838 0.0010 0.0010 0.2132 0.0010
33 1 1 0.7676 0.0010 0.0010 0.2294 0.0010
34 1 1 0.7818 0.0010 0.0010 0.2152 0.0010
35 65 1 4 0 3677 0.0010 0.0010 0.6293 0.0010
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36 4 4 0.2524 0.0010 0.0010 0.7446 0.0010
37 4 4 0.0835 0.0021 0.0010 0.9124 0.0010 "-38 4 4 0.0918 0.0018 0.0012 0.9043 00010.
39 4 4 0.0903 0.0016 0.0012 0.9059 0.0010
40 4 4 0.1073 0.0010 0.0010 0.8896 0.0010 z -e
41 4 4 0.1377 0.0010 0.0010 0.8592 0.0011
42 4 4 0.0449 0.0010 0.0010 0.9521 0.0010
43 4 4 0.0366 0.0010 0.0010 0.9604 0.0010
44 4 4 0.0422 0.0011 0.0010 0.9544 0.0012
45 4 4 0.0261 0.0010 0,0013 0.9707 0.0010
46 4 4 0.0267 0.0010 0.0010 0.9703 0.0010
47 4 4 0.0325 0.0014 0.0014 0.9637 0.0010
48 4 4 0.0286 0.0010 0.0010 0.9684 0.0010 to

49 4 4 0.0345 0.0011 0.0015 0.9616 0.0014
50 4 4 0.0040 0.0010 0.0010 0.9930 0.0010
51 4 4 0.0037 0.0010 0.0011 0.9932 0.0010
52 4 4 0.0052 0.0010 0.0010 0.9918 0.0010
53 4 4 0.0114 0.0018 0.0010 0.9842 0.0016
54 4 4 0.0242 0.0026 0.0016 0.9687 0.0029
55 4 4 0.0343 0.0026 0.0021 0.9585 0.0025
56 4 4 0.0365 0.0040 0.0035 0.9515 0.0044
57 4 4 0.0411 0.0036 0.0035 0.9496 0.0022 •
58 4 4 0.0393 0.0038 0.0046 0.9498 0.0025
59 4 4 0.0276 0.0010 0.0019 0.9682 0.0013
60 4 4 0.0086 0.0010 0.0010 0.9884 0.0010
61 4 4 0.0174 0.0010 0.0018 0.9785 0.0012 '5,

62 4 4 0.0179 0.0010 0.0011 0.9790 0.0010 0
63 4 "4 0.0369 0.0014 0.0029 0.9564 0.0024 564 4 4 0.0332 0.0252 0.0150 0.8690 0.0576
65 75 2 4 0.0195 0.1593 0.0631 0.4461 0.3120
66 75 2 5 0.0010 0.4098 0.0010 0.0010 0.5872
67 5 5 0.0010 0.3356 0.0035 0.0010 0.6590
68 5 5 0.0010 0.3215 C.0010 0.0010 0.6755
69 2 2 0.0010 0.5559 0.0010 0.0010 0.4411
70 75 2 5 0.0010 0.4815 0.0010 0.0010 0.5156
71 2 2 0.0010 0.8287 0.0010 0.0010 0.1683
72 2 2 0.0010 0.6490 0.0010 0.0010 0.3480 0
73 2 2 0.0010 0.8190 0.0010 0.0010 0.1780
74 2 2 0.0010 0.5772 0.0010 0.0010 0.4198
75 75 2 5 0.0010 0.4073 0.0010 0.0010 0.5898 .'.
76 5 5 0.0010 0.3273 0.0010 0.0010 0.6698
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0

77 2 2 0.0010 0.9960 0.0010 0.0010 0.0010

78 2 2 0.0010 0.9951 0.0012 0.0012 0.0015

79 2 2 0.0010 0.9919 0.0026 0.0018 0.0028
80 2 2 0.0010 0.9779 0.0052 0.0083 0.0076

81 2 2 0.0010 0.9666 0.0075 0.0143 0.0107

82 2 2 0.0010 0.9153 0.0159 0.0360 0.0318
83 2 2 0.0010 0.9293 0.0123 0.0397 0.0178

84 2 2 0.0010 0.6368 0.0829 0.2152 0.0642
85 2 2 0.0010 0.4783 0.1757 0.3338 0.0112
86 4 4 0.0010 0.2657 0.2497 0.4756 0.0079
87 4 4 0.0010 0.0358 0.3179 0.6433 0.0020
88 4 4 0.0010 0.0846 0.2057 0.7036 0.0052 0
89 4 4 0.0010 0.0866 0.3565 0.5512 0.0047
90 4 4 0.0010 0.1189 0.3146 0.5588 0.0067
91 4 4 0.0010 0.1587 0.2664 0.5636 0.0102
92 4 4 0.0010 0.1464 0. 845 0.5617 0.0064
93 4 4 0.0010 0.1372 0.2694 0.5855 0.0070
94 4 4 0.0010 0.0292 0.4605 0.5064 0.0029
95 3 3 0.0012 0.0093 0.6454 0.3407 0.0033
96 3 3 0.0022 0.0029 0.7360 0.2534 0.0054
97 3 3 0.0026 0.0026 0.8139 0.1715 0.0093

98 3 3 0.0021 0.0026 0.7897 0.1970 0.0086 S
99 3 3 0.0020 0.0021 0.8807 0.1108 0.0044 06.
100 3 3 0.0029 0.0023 0.8315 0.1585 0.0049 10
101 3 3 0.0028 0.0023 0.8087 0.1825 0.0037

10 .06 0.0019 0.8099 0.1818 0.0037

103 3 3 0.0010 0.0010 0.9785 0.0185 0.0010 0
104 3 3 0.0011 0.0010 0.9905 0.0064 0.0010 "
105 3 3 0.0014 0.0010 0.9904 0.0063 0.0010

106 3 3 0.0046 0.0012 0.9824 0.0101 0.0017 -'.
107 3 3 0.0062 0.0016 0.9850 0.0055 0.0017 =

108 3 3 0.0098 0.0016 0.9811 0.0053 0.0023
109 3 3 0.0123 0.0015 0.9787 0.0048 0.0027
110 3 3 0.0252 0.0042 0.9614 0.0040 0.0051
111 3 3 0.0326 0.0042 0.9537 0.0034 0.0060

-a.

112 3 3 0.0321 0.0045 0.9553 0.0050 0.0031

113 3 3 0 0357 0.0098 0.9463 0.0070 0.0012
114 3 3 0.0386 0.0078 0.9472 0.0050 0.0014
115 3 3 0.0403 0.0086 0.9441 0.0059 0.0010
116 3 3 0.0430 0.0099 0.9412 0.0049 0.0010
117 3 3 0.0437 0.0090 0.9410 0.0052 0.0010
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118 3 3 0.0253 0.0445 0.9159 0.0133 0.0010
119 3 3 0.0312 0.0373 0.9170 0.0135 0.0010
120 3 3 0.0177 0.0453 0.9297 0.0062 0.0010
121 3 3 0.0120 0.0483 0.9311 0.0076 0.0010
122 3 3 0.0105 0.0353 0.9462 0.0070 0.0010
123 3 3 0.0293 0.0229 0.9326 0.0135 0.0017
124 3 3 0.0304 0.0199 0.9355 0.0127 0.0016
125 3 3 0.0259 0.0259 0.9235 0.0237 0.0010
126 3 3 0.0181 0.0228 0.9334 0.0247 0.0010
127 3 3 0.0396 0.0382 0.8873 0.0335 0.0014
128 3 3 0.0109 0.0919 0.8660 0.0302 0.0010
129 3 3 0.0112 0.1845 0.7913 0.0109 0.0021 0
130 3 3 0.0112 0.1648 0.8108 0.0115 0.0017
131 3 3 0.0081 0.1661 0.8165 0.0081 0.0012
132 3 3 0.0033 0.2827 0.7099 0.0020 0.0021
133 3 3 0.0046 0.2465 0.7455 0.0024 0.0010
134 3 3 0.0018 0.3902 0.6060 0.0010 0.0010 0
135 3 3 0.0019 0.3448 0.6513 0.0010 0.0010
136 3 3 0.0010 0.4384 0.5585 0.0010 0.0012
137 3 3 0.0011 0.4047 0.5920 0.0010 0.0012 -?

138 3 3 0.0010 0.4748 0.5219 0.0010 0.0013 A p

139 55 3 2 0.0010 0.7036 0.2934 0.0010 0.0010 0
140 30 3 2 0.0010 0.5697 0.4270 0.0010 0.0013 %
141 2 2 0.0010 0.8529 0.1441 0.0010 0.0010
142 2 2 0.0020 0.7846 0.2108 0.0010 0.0016
143 55 3 2 0.0032 0.7421 0.2512 0.0013 0.0023
144 55 3 2 0.0028 0.7094 0.2843 0.0012 0.0023 0
145 55 3 2 0.0026 0.7031 0.2908 0.0011 0.0024
146 30 3 2 0.0035 0.6033 0.3892 0.0015 0.0025
147 3 3 0.0048 0.4430 0.5466 0.0022 0.0035
148 3 3 0.0072 0.4396 0.5460 0.0024 0.0048

149 3 3 0.0094 0.3803 0,6027 0.0024 0.0052
150 3 3 0.0114 0.0618 0.9191 0.0045 0.0032
151 3 3 0.0191 0.0157 0.9561 0.0073 0.0018
152 3 3 0.0191 0.0192 0.9472 0.0130 0.0016
153 3 3 0.0201 0.0482 0.8595 0.0707 0.0015
154 3 3 0.0214 0.0234 0.8869 0.0672 0.0012
155 3 3 0.0522 0.1011 0.6933 0.1517 0.0017
156 3 3 0.0550 0.0811 0.7430 0.1188 0.0021
157 3 3 0.0561 0.1619 J.6586 0.1194 0.0040
158 3 3 0.0537 0.1413 0.6727 0.1276 0.0047
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159 3 3 0.0616 0.2012 0.6202 0.1096 0.0074
160 3 3 0.0942 0.2144 0.5228 0.1669 0.0017
161 3 3 0.1233 0.1618 0.5217 0.1917 0. 0015 !,

162 4 4 0.0281 0.0193 0.4322 0.5194 0.0010
163 3 3 0.0209 0.0075 0.6553 0.3150 0.0013

164 3 3 0.0442 0.0062 0.7450 0.2015 0.0031
165 3 3 0.0766 0.0035 0.7875 0.1265 0.0059,,

166 3 3 0.0731 0.0028 0.7959 0.1242 0.0041

167 3 3 0.0685 0.0017 0.7964 0.1316 0.0018

168 3 3 0.0323 0.0018 0.8202 0.1447 0.0010

169 3 3 0.0265 0.0015 0.8256 0.1454 0.0010
170 3 3 0.0326 0.0010 0.8095 0.1558 0.0010
171 3 3 0.0010 0.0023 0.6879 0.3078 0.0010
172 3 3 0.0028 0.0019 0.5068 0.4872 0.0014
173 3 3 0.0059 0.0020 0.5602 0.4293 0.0026
174 3 3 0.0104 0.0030 0.5958 0.3846 0.0063
175 3 3 0.0119 0.0025 0.5609 0.4175 0.0072
176 3 3 0.0167 0.0027 0.5053 0.4655 0.0098,
177 3 3 0.0159 0.0034 0.5335 0.4383 0.0089
178 3 3 0.0130 0.0037 0.4874 0.4871 0.0090
179 3 3 0.0144 0.0042 0.5873 0.3829 0.0112
180 3 3 0.0226 0.0016 0.5086 0.4595 0.0078 •
181 4 4 0.0216 0.00i0 0.4712 0.5011 0.0051 .182 4 4 0.0231 0.0010 0.4076 0.5631 0.0052
183 4 4 0.0294 0.0010 0.4334 0.5320 0.0042.
184 4 4 0.0346 0.0010 0.3993 0.5620 0.0031 "
185 4 4 0.0280 0.0010 0.3526 0.6168 0.0015
186 4 4 0.0176 0.0044 0.2078 0.7675 0.0027
187 4 4 0.0203 0.0030 0.2006 0.7742 0.0020
188 4 4 0.0152 0.0040 0.1839 0.7945 0.0024
189 4 4 0.0036 0.0040 0.1432 0.8482 0.0010 ,
190 4 4 0.0049 0.0038 0.1501 0.8401 0.0011
191 4 4 0.0078 0.0012 0.1976 0.7924 0.0010 '
192 4 4 0.0087 0.0015 0.2377 0.7508 0.0013."
193 4 4 0.0044 0.0010 0.1400 0.8536 0.0010 ..
194 4 4 0.0042 0.0010 0.1200 0.8738 0.0010 "
195 4 4 0.0066 0.0010 0.0796 0.9116 0.0012 " "
196 4 4 0.0035 0.0026 0.0396 0.9533 0.0010 ; .
197 4 4 0.0030 0.0023 0.0294 0.9632 0.0020

198 4 4 0.0041 0.0018 0.0233 0.9689 0.0019 ,
199 4 4 0.0040 0.0017 0.0220 0.9707 0.0016
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200 4 4 0.0032 0.0021 0.0092 0.9838 0.0017
201 4 4 0.0035 0.0020 0.0094 0.9836 0.0014
202 4 4 0.0050 0.0026 0.0102 0.9801 0.0020
203 4 4 0.0059 0.0024 0.0107 0.9787 0.0022
204 4 4 0.0053 0.0022 0.0105 0.9801 0.0020
205 4 4 0.0064 0.0020 0.0100 0.9798 0.0018
206 4 4 0.0069 0.0024 0.0073 0.9809 0.0026
207 4 4 0.0081 0.0033 0.0078 0.9764 0.0045 - '
208 4 4 0.0104 0.0030 0.0087 0.9729 0.0050
209 4 4 0.0097 0.0091 0.0146 0.9529 0.0137
210 4 4 0.0099 0.0074 0.0144 0.9551 0.0131
211 4 4 0.0101 0.0067 0.0096 0.9654 0.0082
212 4 4 0.0049 0.0062 0.0071 0.9766 0.0052
213 4 4 0.0051 0.0065 0.0058 0.9763 0.0063
214 4 4 0.0065 0.0058 0.0053 0.9755 0.0069
215 4 4 0.0055 0.0047 0.0055 0.9819 0.0024
216 4 4 0.0072 0.0037 0.0051 0.9825 0.0014 5
217 4 4 0.0108 0.0034 0.0056 0.9787 0.0015
218 4 4 0.0115 0.0013 0.0107 0.9755 0.0010 'in.219 4 4 0.0148 0.0010 0.0050 0.9782 0.0010
220 4 4 0.0114 0.0010 0.0043 0.9823 0.0010
221 4 4 0.0060 0.0010 0.0028 0.9892 0.0010 S
222 4 4 0.0070 0.0010 0.0027 0.9882 0.0010
223 4 4 0.0065 0.0010 0.0033 0.9882 0.0010
224 4 4 0.0090 0.0010 0.0025 0.9865 0.0010
225 4 4 0.0062 0.0010 0.0017 0.9901 0.0010
226 4 4 0.0062 0.0019 0.0021 0.9875 0.0022 .227 4 4 0.0079 0.0026 0.0019 0.9842 0.0035 V
228 4 4 0.0102 0.0028 0.0014 0.9825 0.0030
229 4 4 0.0141 0.0015 0.0016 0.9792 0.0036
230 4 4 0.0017 0.0031 0.0010 0.9932 0.0010
231 4 4 0.0017 0.0035 0.0010 0.9927 0.0010
232 4 4 0.0023 0.0032 0.0010 0.9924 0.0012
233 4 4 0.0023 0.0033 0.0010 0.9924 0.0010
234 4 4 0.0026 0.0028 0.0010 0.9926 0.0010
235 4 4 0.0034 0.0021 0.0010 0.9926 0.0010
236 4 4 0.0048 0.0021 0.0012 0.9907 0.0012
237 4 4 0.0053 0.0020 0.0013 0.9902 0.0012
238 4 4 0.0066 0.0013 0.0014 0.9894 0.0012
239 4 4 0.0143 0.0010 0.0120 0.9696 0.0032
240 4 4 0.0345 0.0010 0.0236 0.9359 0.0050
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KREST: ,'alman filter Expert SysTem.

NFRMS: 240
ITraj: 5

# Rule KR MAP P1 P2 P3 P4 P5
1 1 1 0.9600 0.0100 0.0100 0.0100 0.0100

2 1 1 0.9600 0.0100 0.0100 0.0100 0.0100

3 1 1 0.9605 0.0092 0.0100 0.0103 0.0099
4 1 1 0.9644 0.0014 0.0091 0.0178 0.0073
5 1 1 0.9046 0.0040 0.0140 0.0676 0.0098
6 1 1 0.8829 0.0051 0.0122 0.0900 0.0099 0

7 1 1 0.8849 0.0014 0.0082 0.0967 0.0087

8 1 1 0.8909 0.0013 0.0079 0.0918 0.0081
9 1 1 0.9001 0.0010 0.0077 0.0841 0.0071

10 1 1 0.9025 0.0013 0.0068 0.0812 0.0082
11 1 1 0.8835 0.0010 0.0070 0.1001 0.0084 e

'.

12 1 1 0.8835 0.0010 0.0059 0.1036 0.0060 p,,

13 1 1 0.8625 0.0010 0.0053 0.1255 0.0057
14 1 1 0.8797 0.0010 0.0040 0.1121 0.0032
15 1 1 0.8957 0.0010 0.0039 0.0964 0.0030
16 1 1 0.8840 0.0010 0.0038 0.1083 0.0029
17 1 1 0.8948 0.0010 0.0039 0.0979 0.0024
18 1 1 0.9270 0.0010 0.0039 0.0672 0.0010 .

19 1 1 0.8661 0.0010 0.0025 0.1294 0.0010
20 1 1 0.9143 0.0010 0.0010 0.0827 0.0010
21 1 1 0.9020 0.0010 0.0010 0.0949 0.0011 0
22 1 1 0.9586 0.0010 0.0012 0.0383 0.0010
22 1 1 0.98 0.0010 0.0012 0.0383 0.0010
23 1 1 0.9668 0.0010 0.0010 0.0302 0.0010
24 1 1 0.9636 0.0010 0.0010 0.0334 0.0010
25 1 1 0.9634 0.0010 0.0010 0.0336 0.0010
26 1 1 0.7833 0.0010 0.0010 0.2137 0.0010
27 1 1 0.7072 0.0010 0.0010 0.2898 0.0010 ,

28 1 1 0.8328 0.0017 0.0010 0.1635 0.0010
29 1 1 0.8499 0.0010 0.0010 0.1471 0.0010

30 1 1 0.8297 0.0010 0.0010 0.1673 0.0010
31 1 1 0.7769 0.0010 0.0010 0.2201 0.0010
32 1 1 0.7838 0.0010 0.0010 0.2132 0.0010
33 1 1 0.7676 0.0010 0.0010 0.2294 0.0010
34 1 1 0.7818 0.0010 0.0010 0.2152 0.0010
35 65 1 4 0.3677 0.0010 0.0010 0.6293 0.0010
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36 4 4 0.2524 0.0010 0.0010 0.7446 0.0010
37 4 4 0.0835 0.0021 0.0010 0.9124 0.0010
38 4 4 0.0918 0.0018 0.0012 0.9043 0.0010
39 4 4 0.0903 0.0016 0.0012 0.9059 0.0010 :..
40 4 4 0.1073 0.0010 0.0010 0.8896 0.0010
41 4 4 0.1377 0.0010 0.0010 0.8592 0.0011
42 4 4 0.0449 0.0010 0.0010 0.9521 0.0010
43 4 4 0.0366 0.0010 0.0010 0.9604 0.0010
44 4 4 0.0422 0.0011 0.0010 0.9544 0.0012
45 4 4 0.0261 0.0010 0.0013 0.9707 0.0010
46 4 4 0.0267 0.0010 0.0010 0.9703 0.0010
47 4 4 0.0325 0.0014 0.0014 0.9637 0.0010
48 4 4 0.0286 0.0010 0.0010 0.9684 0.0010
49 4 4 0.0345 0.0011 0.0015 0.9616 0.0014
50 4 4 0.0040 0.0010 0.0010 0.9930 0.0010
51 4 4 0.0037 0.0010 0.0011 0.9932 0.0010
52 4 4 0.0052 0.0010 0.0010 0.9918 0.0010 ,
53 4 4 0.0114 0.0018 0.0010 0.9842 0.0016
54 4 4 0.0242 0.0026 0.0016 0.9687 0.0029
55 4 4 0.0343 0.0026 0.0021 0.9585 0.0025
56 4 4 0.0365 0.0040 0.0035 0.9515 0.0044
57 4 4 0.0411 0.0036 0.0035 0.9496 0.0022 0
58 4 4 0.0393 0.0038 0.0046 0.9498 0.0025
59 4 4 0.0276 0.0010 0.0019 0.9682 0.0013
60 4 4 0.0086 0.0010 0.0010 0.9884 0.0010
61 4 4 0.0174 0.0010 0.0018 0.9785 0.0012
62 4 4 0.0179 0.0010 0.0011 0.9790 0.0010
63 4 4 0.0369 0.0014 0.0029 0.9564 0.0024
64 4 4 0.0332 0.0252 0.0150 0.8690 0.0576
65 75 2 4 0.0194 0.1596 0.0631 0.4463 0.3115
66 75 2 5 0.0010 0.4115 0.0010 0.0010 0.5855
67 5 5 0.0010 0.3375 0.0035 0.0010 0.6571 0
68 5 5 0.0010 0.3250 0.0010 0.0010 0.6720
69 2 2 0.0010 0.5609 0.0010 0.0010 0.4361
70 2 2 0.0010 0.5193 0.0010 0.0010 0.4777
71 2 2 0.0010 0.5114 0.0010 0.0010 0.4856
72 5 5 0.0010 0.2619 0.0010 0.0010 0.7351
73 2 2 0.0010 0.5050 0.0010 0.0010 0.4920
74 5 5 0.0010 0.2334 0.0010 0.0010 0.7636
75 5 5 0.0010 0.1971 0.0010 0.0010 0.7999 ".
76 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
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77 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
78 2 2 0.0014 0.9941 0.0014 0.0015 0.0016
79 2 2 0.0021 0.9899 0.0028 0.0024 0.0028
80 2 2 0.0057 0.9721 0.0059 0.0084 0.0079
81 2 2 0.0093 0.9582 0.0082 0.0129 0.0114
82 2 2 0.0245 0.8937 0.0176 0.0352 0.0292
83 2 2 0.0190 0.9005 0.0138 0.0409 0.0258
84 2 2 0.1003 0.5316 0.0794 0.2063 0.0824
85 75 2 4 0.1452 0.3067 0.1334 0.4017 0.0130
86 70 1 4 0.1871 0.1637 0.1797 0.4611 0.0085
87 70 1 4 0.2382 0.0168 0.1750 0.5682 0.0018
88 4 4 0.2123 0.0398 0.0877 0.6556 0.0045
89 25 1 4 0.3316 0.0348 0.1385 0.4915 0.0035
90 25 1 4 0.3501 0.0445 0.1168 0.4838 0.0047
91 25 1 4 0.3705 0.0556 0.0992 0.4680 0.0068
92 25 1 4 0.3949 0.0492 0.1016 0.4493 0.0050
93 25 1 4 0.3991 0.0449 0.0975 0.4531 0.0054

94 25 1 4 0.4310 0.0052 0.0689 0.4939 0.0010
95 1 1 0.6342 0.0010 0.0811 0.2827 0.0010
96 1 1 0.7714 0.0010 0.0491 0.1771 0.0014
97 1 1 0.8393 0.0010 0.0397 0.1182 0.0018
98 1 1 0.8556 0.0010 0.0335 0.1082 0.0017 -

99 1 1 0.9089 0.0010 0.0329 0.0562 0.0010 C
100 1 1 0.8991 0.0011 0.0289 0.0696 0.0013
101 1 1 0.9223 0.0010 0.0203 0.0554 0.0010
102 1 1 0.9280 0.0010 0.0176 0.0524 0.0010
103 1 1 0.9232 0.0010 0.0725 0.0023 0.0010 0
104 1 1 0.9431 0.0010 0.0539 0.0010 0.0010
105 1 1 0.9479 0.0010 0.0491 0.0010 0.0010
106 1 1 0.9612 0.0010 0.0358 0.0010 0.0010
107 1 1 0.9564 0.0011 0.0403 0.0010 0.0011
108 1 1 0.9655 0.0010 0.0315 0.0010 0.0010
109 1 1 0.9631 0.0010 0.0339 0.0010 0.0010
110 1 1 0.9614 0.0010 0.0354 0.0012 0.0010

111 1 1 0.7283 0.0103 0.2443 0.0011 0.0160
112 45 2 5 0.0086 0.1135 0.3011 0.0010 0.5758
113 2 2 0.0010 0.8840 0.0874 0.0010 0.0265
114 2 2 0.0010 0.9270 0. 0412 0.0010 0.0278
115 2 2 0.0010 0.9513 0.0030 0.0010 0.0438
116 2 2 0.0010 0.9262 0.0048 0.0010 0.0670
117 2 2 0.0010 0.9198 0.0021 0.0010 0.0761
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118 2 2 0.0010 0.8522 0.0023 0.0010 0.1435
119 2 2 0.0010 0.9201 0.0018 0.0010 0.0761
120 2 2 0.0010 0.9271 0.0097 0.0010 0.0612
121 2 2 0.0010 0.8382 0.0275 0.0010 0.1323
122 2 2 0.0010 0.8268 0.0152 0.0010 0.1560
123 2 2 0.0010 0.9464 0.0150 0.0010 0.0366
124 2 2 0.0010 0.9529 0.0193 0.0010 0.0259
125 2 2 0.0010 0.7492 0.1615 0.0010 0.0873
126 55 3 2 0.0010 0.5822 0.2804 0.0010 0.1354
127 55 3 2 0.0010 0.5304 0.4445 0.0010 0.0231
128 55 3 2 0.0010 0.5449 0.3956 0.0010 0.0575
129 30 3 2 0.0010 0.5924 0.3556 0.0010 0.0500 0
130 3 3 o.ool 0.2277 0.7148 0.0010 0.0556
131 3 3 0.0010 0.1191 0.8445 0.0010 0.0344
132 3 3 0.0010 0.1939 0.7683 0.0010 0.0357
133 3 3 0.0010 0.1187 0.8657 0.0010 0.0136
134 3 3 0.0012 0.1320 0.8500 0.0010 0.0159 s
135 3 3 0.0010 0.1202 0.8690 0.0010 0.0088
136 3 3 0.0010 0.1325 0.8611 0.0010 0.0044
137 3 3 0.0010 0.1275 0.8667 0.0010 0.0038
138 3 3 0.0013 0.1152 0.8790 0.0010 0.0035
139 3 3 0.0014 0.2264 0.7633 0.0015 0.0075
140 3 3 0.0014 0.2154 0.7762 0.0017 0.0053
141 3 3 0.0010 0.0514 0.9376 0.0065 0.0036 Z -%
142 3 3 0.0017 0.0143 0.9739 0.0066 0.0036
143 3 3 0.0052 0.0244 0.9496 0.0117 0.0091
144 3 3 0.0038 0.0185 0.9595 0.0105 0.0078
145 3 3 0.0039 0.0161 0.9630 0.0099 0.0072
146 3 3 0.0036 0.0162 0.9633 0.0113 0.0056
147 3 3 0.0040 0.0172 0.9591 0.0150 0.0048
148 3 3 0.0047 0.0247 0.9479 0.0170 0.0057
149 3 3 0.0054 0.0202 0.9517 0.0169 0.0058
150 3 3 0.0127 0.0011 0.9540 0.0298 0.0023
151 3 3 0.0139 0.0010 0.9615 0.0226 0.0010
152 3 3 0.0290 0.0039 0.8307 0.1342 0.0022
153 3 3 0.0374 0.0021 0.8202 0.1380 0.0022 .- .154 3 3 0.0498 0.0020 0.7895 0.1571 0.0016
155 3 3 0.0475 0.0037 0.7082 0.2396 0.0010
156 3 3 0.0461 0.0031 0.7863 0.1630 0.0015
157 3 3 0.0204 0.0045 0.8043 0.1692 0.0016
158 3 3 0.0195 0.0043 0.8521 0.1225 0.0015
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159 3 3 0.0179 0.0044 0.8583 0.1176 0.0018 -

160 3 3 0.0329 0.0038 0.7195 0.2428 0.0010
161 3 3 0.0407 0.0028 0.6369 0.3186 0.0010
162 3 3 0.0010 0.0010 0.6815 0.3155 0.0010
163 3 3 0.0010 0.0010 0.8439 0.1531 0.0010

164 3 3 0.0027 0.0010 0.9245 0.0693 0.0025
165 3 3 0.0059 0.0010 0.9398 0.0490 0.0043
166 3 3 0.0067 0.0010 0.9349 0.0540 0.0033
167 3 3 0.0061 0.0011 0.9194 0.0708 0.0027
168 3 3 0.0030 0.0013 0.9319 0.0627 0.0011
169 3 3 0.0028 0.0011 0.9365 0.0587 0.0010
170 3 3 0.0031 0.0010 0.9393 0.0556 0.0010
171 3 3 0.0010 0.0010 0.7560 0.2410 0.0010
172 4 4 0.0036 0.0010 0.3871 0.6061 0.0022
173 4 4 0.0072 0.0010 0.4308 0.5581 0.0029
174 4 4 0.0158 0.0010 0.4373 0.5419 0.0040
175 4 4 0.0177 0.0010 0.4128 0.5643 0.0041 6
176 4 4 0.0210 0.0011 0.3671 0.6089 0.0019
177 4 4 0.0155 0.0011 0.2894 0.6927 0.0013
178 4 4 0.0120 0.0010 0.2353 0.7508 0.0010
179 4 4 0.0104 0.0010 0.2325 0.7551 0.0010
180 4 4 0.0091 0.0010 0.1698 0.8187 0.0014
181 4 4 0.0062 0.0010 0.1598 0.8320 0.0010
182 4 4 0.0074 0.0011 0.0906 0.8998 0.0011
183 4 4 0.0135 0.0010 0.1491 0.8344 0.0021
184 4 4 0.0153 0.0010 0.1486 0.8333 0.0018
185 4 4 0.0172 0.0010 0.1869 0.7930 0.0020 "
186 4 4 0.0082 0.0010 0.1101 0.8797 0.0010
187 4 4 0.0099 0.0010 0.1108 0.8773 0.0010
188 4 4 0.0087 0.0010 0.1149 0.8742 0.0012
189 4 4 0.0023 0.0010 0.0573 0.9384 0.0010
190 4 4 0.0031 0.0011 0.0538 0.9407 0.0012
191 4 4 0.0056 0.0010 0.0768 0.9142 0.0024
192 4 4 0.0078 0.0025 0.1527 0.8308 0.0063
193 4 4 0.0042 0.0010 0.1079 0.8822 0.0047
194 4 4 0.0045 0.0010 0.1008 0.8907 0.0030
195 4 4 0.0067 0.0010 0.1009 0.8881 0.0032
196 4 4 0.0022 0.0010 0.0378 0.9580 0.0010
197 4 4 0.0034 0.0015 0.0370 0.9567 0.0014
198 4 4 0.0042 0.0011 0.0275 0.9659 0.0012
199 4 4 0.0039 0.0010 0.0265 0.9675 0.0011
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200 4 4 0.0034 0.0011 0.0191 0.9754 0.0010
201 4 4 0.0047 0.0010 0.0148 0.9785 0.0010
202 4 4 0.0053 0.0010 0.0146 0.9781 0.0010 ,o

203 4 4 0.0073 0.0010 0.0154 0.9750 0.0012
204 4 4 0.0072 0.0010 0.0108 0.9800 0.0010
205 4 4 0.0065 0.0010 0.0081 0.9834 0.0010
206 4 4 0.0054 0.0010 0.0053 0.9873 0.0010
207 4 4 0.0070 0.0010 0.0052 0.9853 0.0014

208 4 4 0.0080 0.0010 0.0055 0.9842 0.0012 .

209 4 4 0.0096 0.0015 0.0057 0.9822 0.0011
210 4 4 0.0093 0.0013 0.0054 0.9829 0.0011
211 4 4 0.0074 0.0010 0.0033 0.9874 0.0010 S
212 4 4 0.0028 0.0010 0.0017 0.9935 0.0010
213 4 4 0.0027 0.0010 0.0014 0.9939 0.0010
214 4 4 0.0029 0.0010 0.0011 0.9940 0.0010
215 4 4 0.0024 0.0015 0.0014 0.9937 0.0010
216 4 4 0.0030 0.0013 0.0014 0.9933 0.0010
217 4 4 0.0041 0.0013 0.0016 0.9919 0.0011
218 4 4 0.0077 0.0017 0.0060 0.9818 0.0027
219 4 4 0.0092 0.0010 0.0041 0.9846 0.0010
220 4 4 0.0078 0.0010 0.0028 0.9875 0.0010 V
221 4 4 0.0036 0.0010 0.0017 0.9927 0.0010 0
222 4 4 0.0044 0.0010 0.0017 0.9918 0.0011
223 4 4 0.0057 0.0019 0.0034 0.9870 0.0020
224 4 4 0.0066 0.0013 0.0026 0.9882 0.0013
225 4 4 0.0057 0.0012 0.0020 0.9900 0.0011
226 4 4 0.0139 0.0058 0.0051 0.9725 0.0027
227 4 4 0.0155 0.0050 0.0042 0.9721 0.0031
228 4 4 0.0158 0.0024 0.0018 0.9791 0.0010
229 4 4 0.0216 0.0024 0.0021 0.9727 0.0011
230 4 4 0.0041 0.0046 0.0010 0.9894 0.0010
231 4 4 0.0037 0.0015 0.0010 0.9928 0.0010
232 4 4 0.0037 0.0010 0.0010 0.9933 0.0010 Z
233 4 4 0.0076 0.0020 0.0010 0.9879 0.0015
234 4 4 0.0085 0.0014 0.0010 0.9879 0.0013
235 4 4 0.0106 0.0016 0.0012 0.9849 0.0017
236 4 4 0.0133 0.0016 0.0013 0.9820 0.0019
237 4 4 0.0137 0.0015 3.0013 0.9813 0.0022
238 4 4 0.0148 0.0012 0.0013 0.9811 0.0016
239 4 4 0.0051 0.0010 0.0013 0.9916 0.0010
240 4 4 0.0060 0.0010 0.0010 0.9910 0.0010
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E.6 KREST Results from Trajectory Six Residuals.
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KREST: Kalman filter Expert SysTem. -i
NFRMS: 240

ITraj: 6

R Rule KR MAP P1 P2 P3 P4 P5

1 1 1 0.9600 0.0100 0.0100 0.0100 0.0100
2 1 1 0.9600 0.0100 0.0100 0.0100 0.0100
3 1 1 0.9605 0.0092 0.0100 0.0103 0.0099 ".'
4 1 1 0.9644 0.0014 0.0091 0.0178 0.0073
5 1 1 0.9046 0.0040 0.0140 0.0676 0.0098 - "
6 1 1 0.8829 0.0051 0.0122 0.0900 0.0099 S
7 1 1 0.8849 0.0014 0.0082 0.0967 0.0087
8 1 1 0.8909 0.0013 0.0079 0.0918 0.0081 ,'
9 1 1 0.9001 0.0010 0.0077 0.0841 0.0071

10 1 1 0.9025 0.0013 0.0068 0.0812 0.0082

11 1 1 0.8835 0.0010 0.0070 0.1001 0.0084
12 1 1 0.8835 0.0010 0.0059 0.1036 0.0060
13 1 1 0.8625 0.0010 0.0053 0.1255 0.0057
14 1 1 0.8797 0.0010 0.0040 0.1121 0.0032
15 1 1 0.8957 0.0010 0.0039 0.0964 0.0030
16 1 1 0.8840 0.0010 0.0038 0.1083 0.0029
17 1 1 0.8948 0.0010 0.0039 0.0979 0.0024
18 1 1 0.9270 0.0010 0.0039 0.0672 0.0010
19 1 1 0.8661 0.0010 0.0025 0.1294 0.0010
20 1 1 0.9143 0.0010 0.0010 0.0827 0.0010
21 1 1 0.9020 0.0010 0.0010 0.0949 0.0011 S
22 1 1 0.9586 6.0010 0.0012 0.0383 0.0010
23 1 1 0.9668 0.0010 0.0010 0.0302 0.0010
24 1 1 0.9636 0.0010 0.0010 0.0334 0.0010
25 1 1 0.9634 0.0010 0.0010 0.0336 0.0010 .
26 1 1 0.7833 0.0010 0.0010 0.2137 0.0010
27 1 1 0.7072 0.0010 0.0010 0.2898 0.0010
28 1 1 0.8328 0.0017 0.0010 0.1635 0.0010
29 1 1 0.8499 0.0010 0.0010 0.1471 0.0010
30 1 1 0.8297 0.0010 0.0010 0.1673 0.0010
31 1 1 0.7769 0.0010 0.0010 0.2201 0.0010
32 1 1 0.7838 0.0010 (".0010 0.2132 0.0010

310.6 0.0
33 1 1 0.7676 0.0010 0.0010 0.2294 0.0010
34 1 1 0.7818 0.0010 0.0010 0.2152 0.0010 -°.[

35 65 1 4 0.3677 0.0010 0.0010 0.6293 0.0010
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36 4 4 0.2524 0.0010 0.0010 0.7446 0.0010

37 4 4 0.0835 0.0021 0.0010 0.9124 0.0010

38 4 4 0.0918 0.0018 0.0012 0.9,43 0.0010

39 4 4 0.0903 0.0016 0.0012 0.9059 0.0010
40 4 4 0.1073 0.0010 0.0010 0.8896 0.0010 '
41 4 4 0.1377 0.0010 0.0010 0.8592 0.0011
42 4 4 0.0449 0.0010 0.001C 0.9521 0.0010

43 4 4 0.0366 0.0010 0.0010 0.9604 0.0010

44 4 4 0.0422 0.0011 0.0010 0.9544 0.0012
45 4 4 0.0261 0.0010 C.0013 0.9707 0.0010
46 4 4 0.0267 0.0010 0.0010 0.9703 0.0010
47 4 4 0.0325 0.0014 0.0014 0.9637 0.0010 -
48 4 4 0.0286 0.0010 0.0010 0.9684 0.0010
49 4 4 0.0345 0.0011 0.0015 0.9616 0.0014
50 4 4 0.0040 0.0010 0.0010 0.9930 0.0010
51 4 4 0.0037 0.0010 0.0011 0.9932 0.0010 ,V
52 4 4 0.0052 0.0010 0.0010 0.9918 0.0010
53 4 4 0.0114 0.0018 0.0010 0.9842 0.0016
54 4 4 0.0242 0.0026 0.0016 0.9687 0.0029
55 4 4 0.0343 0.0026 0.0021 0.9585 0.0025 ",, -"

56 4 4 0.0365 0.0040 0.0035 0.9515 0.0044
57 4 4 0.0411 0.0036 0.0035 0.9496 0.0022 0
58 4 4 0.0393 0.0038 0.0046 0.9498 0.0025
59 4 4 0.0276 0.0010 0.0019 0.9682 0.0013
60 4 4 0.0086 0.0010 0.0010 0.9884 0.0010
61 4 4 0.0174 0.0010 0.0018 0.9785 0.0012
62 4 4 0.0181 0.0012 0.0019 0.9774 0.0014 0
63 4 4 0.0016 0.1910 0.0042 0.7911 0.0121
64 2 2 0.0010 0.9633 0.0091 0.0037 0.0229 .5-

65 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
66 2 2 0.0010 0.9960 0.0010 0.0010 0.0010 S.'
67 2 2 0.0010 0.9960 U.0010 0.0010 0.0010
68 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
69 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
70 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
71 2 2 0.0725 0.9010 0.0010 0.0010 0.0245
72 2 2 0.0143 0.9825 0.0010 0.0012 0.0010
73 1 1 0.5997 0.0667 0.0010 0.0077 0,3249
74 1 1 0.6298 0.0343 0 .0010 0.0051 0,3299

75 1 1 0.6247 0.0365 0.0010 0 -151 0.3328
76 1 1 0.6282 0.0362 0.0010 0 --C5 3 3290
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77 1 1 0.7124 0.0129 0.0010 0.0074 0.2664
78 1 1 0.7061 0.0119 0.0010 0.0085 0.2725 :279 1 1 0.6938 0.0127 0.0010 0.0086 0.2839

82 1 1 0.8880 0.0010 0.0010 0.01,38 0.0962

83 1 1 0.9081 0.0010 0.0010 0.0135 0.0764
84 1 1 0.9238 0.0010 0.0010 0.0142 0.0599.--
85 1 1 0.9383 0.0010 0.0010 0.0145 0.0452 ,-
86 1 1 0.9675 0.0010 0.0019 0.0116 0.0180,-._-
87 1 1 0.9801 0.0010 0.0010 0.0152 0.0027 ",'
88 1 1 0.9771 0.0010 0.0010 0.0185 0.0024

-

89 1 1 0.9588 0.0022 0.0010 0.0351 0.0029
90 1 1 0.9624 0.0031 0.0010 0.0276 0.0059 "
91 1 1 0.9436 0.0078 0.0010 0.0330 0.0145 M
92 1 1 0.9593 0.0067 0.0010 0.0234 0.0095 ,-
93 1 1 0.9532 0.0103 0.0011 0.0193 0.0162
94 1 1 0.4201 0.0881 0.0012 0.2036 0.2870 "?
95 70 1 5 0.3367 0.0850 0.0020 0.2081 0.3682 '
96 70 1 5 0.3114 0.0404 0.0023 0.0707 0.5753

97 5 5 0.1421 0.0692 0.0027 0.0345 0.7516
98 5 5 0.0450 0.2350 0.0031 0.0284 0.6886
99 5 5 0.0058 0.2710 0.0020 0.0059 0.7153

100 5 5 0.0013 0.2254 0.0014 0.0019 0.7700
101 2 2 0.0010 0.6581 0.0010 0.0029 0.3371

102 2 2 0.0010 0.9251 0.0010 0.0040 0.0689'_
103 2 2 0.0010 0.9952 0.0010 0.0010 0.0018 0
104 2 2 0.0010 0.9926 0.0034 0.0017 0.0013

105 2 2 0.0010 0.9955 0.0015 0.0010 0.0010

106 2 2 0.0010 0.9952 0.0016 0.0010 0.0012
107 2 2 0.0010 0.9960 0.0010 0.0010 0.0010 --

108 2 2 0.0010 0.0010 0.0010 001 0.0020
809 2 2 0.0010 0.9957 0.0013 0.0010 0.0010
910 2 2 0.0010 0.9960 0.0010 0.0010 0.0010

i1 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
112 2 2 0.0010 0.9960 0.0010 0.0010 0.0010

113 2 2 0.0010 0.9934 0.0019 0.0010 0.0027

114 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
115 2 2 0.0010 0.9960 0.0010 0.0010 0.0010 ,0
116 2 2 0.0010 0.9960 0.0010 0.0010 0.00100
107 2 2 0.0010 0.9960 0.0010 0.0010 0.0010

• S

109 2 2 0.010 .995 0.003 0.010 .001
110 2 2 0.010 .996 0.000 0.010 .001

111 2 2 0.010 .996 0.000 0.010 .001

112 2 2 0.010 .996 0.000 0.010-.001
11 2 0 .0010 0..9934. .0019 .001 .0027..



118 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
119 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
120 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
121 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
122 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
123 2 2 0.0010 0.9955 0.0012 0.0013 0.0010
124 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
125 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
126 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
127 2 2 0.0010 0.9960 0.0010 0.0010 0.0010 -:

128 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
129 2 2 0.0010 0.9960 0.0010 0.0010 0.0010 0
130 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
131 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
132 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
133 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
134 2 2 0.0010 0.9960 0.0010 0.0010 0.0010 •
135 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
136 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
137 2 2 0.0095 0.9751 0.0060 0.0060 0.0033
138 2 2 0.0373 0.9303 0.0123 0.0158 0.0043

* 139 2 2 0.0217 0.9370 0.0108 0.0293 0.0012
140 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
141 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
142 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
143 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
144 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
145 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
145 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
147 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
147 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
148 2 2 0.0010 0.9956 0.0010 0.0010 0.0013
149 2 2 0.0014 0.99536 0.0010 0.0010 0.0010
150 2 2 0.0010 0.9956 0.0010 0.0010 0.0010
151 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
152 2 2 0.0010 0.9960 0.0010 0,0010 0.0010
153 2 2 0.0010 0.9960 0.0010 0.0010 0.0010154 2 2 0.0010 0.9960 0.0010 0.0010 0.0010

155 2 2 0.0010 0.9932 0.0038 0.00140 0.0010
156 2 2 0.0010 0.9908 0.0059 0.0010 0.0014

157 2 2 0.0018 0.9805 ".0133 0.0020 0.0025
158 2 2 0.0016 0.9822 '.0123 0.0011 0 0028
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159 2 2 0.0022 0.9763 0.0157 0.0014 0.0043
160 2 2 0.0049 0.9547 0.0322 0.0028 0.0054
161 2 2 0.0147 0.8685 0.0966 0.0080 0.0122
162 2 2 0.0030 0.8383 0.0252 0.1118 0.0216
163 2 2 0.0042 0.8624 0.0283 0.0793 0.0257
164 2 2 0.0080 0.7856 0.0463 0.1189 0.0413
165 2 2 0.0133 0.7520 0.0669 0.0801 0.0876
166 2 2 0.0177 0.7229 0.0698 0.0973 0.0923
167 2 2 0.0206 0.6913 0.0694 0.1165 0.1022
168 2 2 0.0265 0.5938 0.0977 0.0971 0.1849
169 2 2 0.0335 0.5847 0.1084 0.1072 0.1662
170 2 2 0.0413 0.5476 0.1182 0.1144 0.1785 0
171 2 2 0.0067 0.7394 0.0553 0.1246 0.0740
172 2 2 0.0198 0.5772 0.0753 0.1503 0.1775
173 2 2 0.0384 0.4798 0.0996 0.1556 0.2265
174 2 2 0.0498 0.4274 0.0755 0.1618 0.2855
175 2 2 0.0686 0.4341 0.0873 0.1543 0.2557 0
176 2 2 0.0759 0.3583 0.0858 0.2059 0.2741
177 2 2 0.0710 0.3692 0.0720 0.2422 0.2456
178 2 2 0.0630 0.3718 0.0807 0.3061 0.1785 Ilk
179 2 2 0.0863 0.3776 0.0949 0.2644 0.1768
180 2 2 0.1309 0.3852 0.0854 0.1769 0.2216 0
181 2 2 0.1512 0.3817 0.0943 0.1832 0.1895
182 2 2 0.1896 0.3581 0.0678 0.1747 0.2097
183 75 2 5 0.2119 0.2678 0.0668 0.1668 0.2867
184 70 1 5 0.2553 0.2142 0.0640 0.1738 0.2928
185 75 2 5 0.1585 0.2224 0.0541 0.1656 0.3994
186 75 2 5 0.1329 0.2762 0.0319 0.2478 0.3111 '
187 75 2 5 0.1770 0.2348 C.0333 0.2366 0.3183
188 70 1 5 0.2126 0.1670 0.0413 0.2763 0.3029
189 75 2 4 0.0848 0.2058 0.0256 0.5446 0.1392
190 70 1 4 0.1304 0.1204 0.0254 0.5376 0.1862
191 70 1 5 0.1269 0.0619 0.0149 0.3489 0.4475
192 5 5 0.0525 0.0860 0.0152 0.1034 0.7430
193 5 5 0.0521 0.1376 0.0200 0.1296 0.6608
194 5 5 0.0580 0.0916 0.0198 0.1429 0.6877
195 5 5 0.0800 0.0959 0.0227 0.1214 0.6801
196 70 1 5 0.1154 0.0812 0.0275 0.2722 0.5037
197 70 1 5 0.1992 0.0857 0.0307 0.1978 0.4865
198 70 1 5 0.2427 0.0350 f.0277 0.1956 0.4989
199 70 1 5 0.2929 0.0320 0.0290 0.2097 0.4364
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200 1 1 0.3508 0.0419 0.0194 0.2458 0.3420
201 70 1 5 0.3446 0.0307 0.0187 0.2481 0.3580

202 1 1 0.3887 0.0243 0.0182 0.2433 0.3257
203 1 1 0.4685 0.0195 0.0178 0.1613 0.3329
204 1 1 0.5464 0.0188 0.0200 0.1759 0.2389
205 1 1 0.5701 0.0182 0.0153 0.1679 0.2285
206 70 1 4 0.3368 0.0495 0.0242 0.5373 0.0523

207 25 1 4 0.3893 0.0175 0.0189 0.5124 0.0620
208 1 1 0.4866 0.0139 0.0179 0.4119 0.0697 ,
209 1 1 0.7065 0.0155 0.0170 0.1949 0.0660
210 1 1 0.7393 0.0115 0.0148 0.1811 0.0534
211 1 1 0.8046 0.0024 0.0123 0.1465 0.0343
212 1 1 0.6181 0.0017 0.0044 0.3200 0.0559
213 1 1 0.6455 0.0011 0.0038 0.2978 0.0519 N

214 1 1 0.6947 0.0010 0.0033 0.2597 0.0414
215 1 1 0.4979 0.0012 0.0034 0.4282 0.0693

216 1 1 0.5630 0.0010 0.0031 0.3672 0.0657
217 1 1 0.6816 0.0010 0.0030 0.2495 0.0650
218 1 1 0.6521 0.0023 0.0051 0.1140 0.2265
219 1 1 0.7667 0.0010 0.0034 0.0957 0.1333
220 1 1 0.7873 0.0010 0.0031 0.1286 0.0800 'a %

221 1 1 0.6186 0.0014 0.0040 0.2384 0.1375 0
222 1 1 0.6819 0.0010 0.0031 0.1941 0.1200
223 1 1 0.5556 0.0011 0.0045 0.2295 0.2093
224 1 1 0.6387 0.0010 0.0034 0.2253 0.1316
225 1 1 0.5929 0.0010 0.0028 0.2689 0.1344
226 1 1 0.5644 0.0010 0.0027 0.1967 0.2352 0
227 1 1 0.5870 0.0010 0.0022 0.1833 0.2265
228 1 1 0.7322 0.0010 0.0014 0.1921 0.0733
229 1 1 0.7451 0.0010 0.0013 0.1724 0.0802
230 1 1 0.7427 0.0013 0.0013 0.2213 0.0335
231 1 1 0.7616 0.0010 0.0013 0.2056 0.0305
232 1 1 0.7895 0.0010 0.0010 0.1813 0.0272
233 1 1 0.8916 0.0010 0.0010 0.0865 0.0198
234 1 1 0.9085 0.0010 0.0010 0.0734 0.0161
235 1 1 0.9045 0.0012 0.0010 0.0730 0.0204
236 1 1 0.9203 0.0010 0.0010 0.0581 0.0196
237 1 1 0.9166 0.0010 0.0010 0.0610 0.0203

238 1 1 0.9120 0,0010 0.0012 0.0660 0.0199
239 1 1 0.8499 0.0015 J.0033 0.1071 0.0383

240 1 1 0.9232 0.0010 0.0025 0.0511 0.0222
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E.7 KREST Results from Trajectory Seven Residuals.

m 0
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KREST: Kalman filter Expert SysTem. -i

NFRMS: 240

ITraj: 7 -,

% r

# Rule KR MAP P1 P2 P3 P4 P5

1 1 1 0.9600 0.0100 0.0100 0.0100 0.0100

2 1 1 0.9600 0.0100 0.0100 0.0100 0.0100
3 1 1 0.9602 0.0097 0.0099 0.0098 0.0103
4 1 1 0.9546 0.0068 0.0092 0.0068 0.0226 N
5 1 1 0.9762 0.0014 0.0113 0.0010 0.0101
6 1 1 0.9765 0.0010 0.0111 0.0010 0.0104 i
7 1 1 0.9742 0.0010 0.0103 0.0012 0.0134
8 1 1 0.9744 0.0010 0.0101 0.0011 0.0135
9 1 1 0.9677 0.0010 0.0103 0.0011 0.0199

10 1 1 0.9646 0.0010 0.0080 0.0010 0.0254
11 1 1 0.9644 0.0010 0.0079 0.0010 0.0257 9

12 1 1 0.9614 0.0010 0.0073 0.0012 0.0291

13 1 1 0.9566 0.0012 0.0066 0.0013 0.0343
14 1 1 0.9731 0.0010 0.0073 0.0013 0.0173
15 1 1 0.9602 0.0025 0.0111 0.0019 0.0244 ,
16 1 1 0.9371 0.0081 0.0208 0.0074 0.0266 •
17 1 1 0.6666 0.0974 0.0956 0.0963 0.0441
18 1 1 0.7800 0.0197 0.1138 0.0158 0.0707
19 3 3 0.2955 0.0668 0.4880 0.1305 0.0192
20 1 1 0.6512 0.0199 0.2002 0.0699 0.0588
21 1 1 0.5027 0.0205 0.3637 0.0765 0.0366
22 3 3 0.2686 0.0457 0.5750 0.0766 0.0341
23 3 3 0.2218 0.0486 0.6124 0.0789 0.0383
24 3 3 0.2802 0.0378 0.5747 0.0775 0.0298
25 40 1 3 0.3437 0.0222 0.5254 0.0770 0.0318
26 3 3 0.0633 0.0395 0.7546 0.1335 0.0091
27 3 3 0.1548 0.0163 0.7160 0.0954 0.0176
28 40 1 3 0.3365 0.0120 0.5416 0.0602 0.0496
29 40 1 3 0.3920 0.0058 0.4872 0.0579 0.0571
30 3 3 0.3294 0.0016 0.5696 0.0398 0.0596

31 40 1 3 0.3705 0.0018 0.4979 0.0381 0.0917
32 40 1 3 0.3723 0.0014 0.4516 0.0264 0.1483
33 3 3 0.3624 0.0010 0.4979 0.0177 0.1209

34 40 1 3 0.3783 0.0010 0.4809 0.0141 0.1256 e"-1

35 3 3 0.2456 0.0048 0.6813 0.0082 0.0601
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36 40 1 3 0.4119 0.0010 0.5149 0.0010 0.071237 3 3 0.3481 0.0033 0.4622 0.0014 0.1850

38 40 1 3 0.3697 0.0031 0.4835 0.0010 0.1427.' .

39 40 1 3 0.3813 0.0015 0.4750 0.0010 0. 1412, .
40 1 1 0.4706 0.0010 0.3663 0.0010 0. 1610 ':
41 1 1 0.5118 0.0010 0.2685 0.0010 0.2178
42 1 1 0.5231 0.0010 0.2657 0.0010 0.2092
43 1 1 0.5790 0.0010 0.1673 0.0010 0.2517 .
44 1 1 0.6508 0.0010 0.1443 0.0010 0.2029 -

45 1 1 0.5988 0.0010 0.2331 0.0010 0.1662
46 1 1 0.6655 0.0010 0.1837 0.0010 0.1488 Z
47 1 3 0.5952 0.0016 0.2332 0.0010 0.1690
48 1 1 0.6321 0.0010 0.2000 0.0011 0.1657

49 1 1 0.5208 0.0011 0.2691 0.0010 0.2080

50 3 3 0.4007 0.0021 0.4202 0.0021 0. 1750 .-
51 3 3 0.3689 0.0018 0.4580 0.0010 0.1703 ..52 1 1 0.4912 0.0010 0.2799 0.0010 0.2269 0
53 1 1 0.6037 0.0010 0.1228 0.0010 0.2715
54 1 1 0.5810 0.0011 0.1324 0.0010 0.2844
55 70 1 5 0.3839 0.0010 0.1149 0.0010 0.4992 1-..
56 70 1 5 0.2542 0.0010 0.1618 0.0010 0.5820
57 70 1 5 0.2671 0.0010 0.1309 0.0011 0.5999 0
58 70 1 5 0.2665 0.0010 0.1517 0.0010 0.5797
59 5 5 0.2718 0.0010 0.0743 0.0010 0.6519
6 03 5 0.2991 0.0010 0.1072 0.0010 0.5917
61 25 5 0.3240 0.0011 0.0725 0.0010 0.6014
62 5 5 0.2312 0.0010 0.0360 0.0010 0.7308 0
63 5 5 0.0497 0.0078 0.0689 0.0031 0.8706

64 3 3 0.0010 0.1181 0.8263 0.0320 0.0226
65 2 2 00010 0.9960 0.0010 0.0010 0.0010
66 2 02542 0.0010 0.0010 0.0010 0.0010
67 2 2 00010 0.9960 0.0010 0.0010 0.0010 0
68 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
69 2 2 0.0018 0.0010 0.0010 0.0010 0.0010
70 2 2 0.0010 0.9960 0.0010 0.0010 0.0010 -.
71 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
72 2 2 0.0230 0.9698 0.0360 0.0010 0.018

73 2 2 0.0061 0.9900 0.0010 0.0010 0.0020
74 2 2 0.0333 0.9590 0.0010 0.0023 0.0044
75 2 2 0.0988 0.8837 01.0010 0.0022 0.0142
76 2 2 0.1089 0.8727 0.0010 0.0033 0.0141
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77 2 2 0.2318 0.7392 0.0010 0.0048 0.0233
78 2 2 0.2733 0.7024 0.0010 0.0027 0.0206
79 2 2 0.4346 0.5243 0.0010 0.0052 0.0349
80 1 1 0.6093 0.3410 0.0010 0.0064 0.0424
81 1 1 0.7233 0.2139 0.0010 0.0090 0.0529
82 1 1 0.8653 0.0555 0.0010 0.0075 0.0707
83 1 1 0.8663 0.0175 0.0017 0.0054 0.1092
84 1 1 0.8382 0.0022 0.0010 0.0038 0.1549
85 1 1 0.8708 0.0012 0.0010 0.0049 0.1220 p
86 1 1 0.7662 0.0010 0.0010 0.0010 0.2308
87 1 1 0.7894 0.0010 0.0010 0.0010 0.2076 -

88 1 1 0.7156 0.0010 0.0010 0.0010 0.2814 0
89 1 1 0.6715 0.0015 0.0010 0.0012 0.3248
90 1 1 0.7441 0.0017 0.0010 0.0014 0.2517
91 1 1 0.7037 0.0026 0.0010 0.0043 0.2884
92 1 1 0.7309 0.0030 0.0010 0.0035 0.2616
93 1 1 0.6778 0.0099 0.0011 0.0155 0.2957 •
94 1 1 0.7595 0.0010 0.0010 0.0010 0.2375
95 1 1 0.7776 0.0010 0.0010 0.0010 0.2194
96 1 1 0.7790 0.0198 0.0010 0.0267 0.1736 Y.97 1 1 0.5160 0.1012 0.0016 0.1656 0.2156 3,.
98 1 1 0.3588 0.1812 0.0024 0.1574 0.3002 ,
99 2 2 0.0699 0.4300 0.0012 0.3151 0.1837 '.-
100 2 2 0.0071 0.7272 0.0010 0.2428 0.0218
101 2 2 0.0010 0.9342 0.0010 0.0499 0.0139
102 2 2 0.0010 0.9923 0.0010 0.0026 0.0031
103 2 2 0.0312 0.7040 0.0194 0.0015 0.2440 0
104 2 2 0.0015 0.4948 0.0184 0.0010 0.4843
105 2 2 0.0010 0.8041 0.0190 0.0010 0.1749
106 2 2 0.0010 0.9793 0.0050 0.0010 0.0138 -
107 2 2 0.0010 0.9936 0.0028 0.0010 0.0016
108 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
109 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
110 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
111 2 2 0.0010 0.9960 0.0010 0.0010 0.0010 -
112 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
113 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
114 2 2 0.0010 0.9960 0.0010 0.0010 0.0010 0115 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
116 2 2 0.0010 0.9959 0.0011 0.0010 0.0010
117 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
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118 2 2 0.0028 0.9813 0.0057 0.0012 0.0090
119 2 2 0.0010 0.9867 0.0066 0.0010 0.0047
120 2 2 0.0010 0.9864 0.0095 0.0012 0.0019

2 0.0010121 2 2 0.0010 0.9912 0.0056 0.0010 0.0012122 2 2 0.0010 0.9947 0.0023 0.0010 0.0010
123 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
124 2 2 0.0010 0.9960 0.0010 0.0010 0.0010 -
125 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
126 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
127 2 2 0.0010 0.9955 0.0013 0.0012 0.0010
128 2 2 0.0010 0.9921 0.001 0.0015 0.0010
129 2 2 0.0010 0.9931 0.0013 0.0016 0.0010
130 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
132 2 2 0.0010 0.996 0.0010 0.0010 0.0010
132 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
133 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
134 2 2 0.0010 0.9960 0.0010 0.0010 0.0010 .0,
135 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
136 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
137 2 2 0.0013 0.9936 0.0021 0.0017 0.0010

138 2 2 0.0058 0.9884 0.0027 0.0012 0.0020139 2 2 0.0010 0.9960 0.0010 0.0010 0.0010 0

140 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
141 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
142 2 2 0.0010 0.9960 0.0010 0.0010 0.0010143 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
144 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
145 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
146 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
147 2 2 0.010 0.993 0.0010 0.0017 0.0015

148 2 2 0.010 0.9743 0.0010 0.0079 0.0067 .

149 2 2 0.0100 0.9744 0.0010 0.0075 0.0071
150 2 2 0.0145 0.9677 0.0014 0.0072 0.0091
151 2 2 0.0246 0.9468 0.0010 0.0112 0.0163
152 2 2 0.0322 0.9280 0.0010 0.0180 0.0208
153 2 2 0.0357 0.9245 0.0010 0.0190 0.0198
154 2 2 0.0477 0.9081 0.0021 0.0233 0.0188
155 2 2 0.0586 0.8947 0.0010 0.0296 0.0161
156 2 2 0.0834 0.8571 ).0015 0.0372 0.0209
157 2 2 0.0934 0.8471 0.0015 0.0342 0.0237
158 2 2 0.0948 0.8507 0.0017 0.0290 0.0239 _."
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159 2 2 0.1349 0.7948 0.0015 0.0477 0.0211
160 2 2 0.1190 0.8313 0.0010 0.0335 0.0151
161 2 2 0.0852 0.8717 0.0010 0.0273 0.0148
162 2 2 0.0487 0.9231 0.0010 0.0186 0.0086
163 2 2 0.0594 0.9113 0.0010 0.0203 0.0080
164 2 2 0.2221 0.7209 0.0019 0.0345 0.0205
165 2 2 0.2254 0.7173 0.0017 0.0417 0.0138
166 2 2 0.2756 0.6704 0.0016 0.0343 0.0181
167 2 2 0.2379 0.6948 0.0019 0.0397 0.0257
168 2 2 0.1922 0.7538 0.0020 0.0163 0.0357
169 2 2 0.1825 0.7564 0.0021 0.0172 0.0419

* 170 2 2 0.1840 0.7568 0.0023 0.0155 0.0414
171 2 2 0.0191 0.9249 0.0011 0.0132 0.041L
172 2 2 0.1184 0.6112 0.0034 0.0278 0.2393
173 2 2 0.2278 0.4931 0.0040 0.0431 0.2319 ".

174 2 2 0.2966 0.4366 0.0035 0.0374 0.2259
( 175 2 2 0.3397 0.4029 0.0038 0.0435 0.2101

176 1 1 0.4184 0.3313 0.0057 0.0629 0.1817
177 2 2 0.3053 0.4281 0.0059 0.0974 0.1633
178 2 2 0.3087 0.3969 0.0085 0.1472 0.1387
179 1 1 0.3874 0.2561 0.0122 0.1862 0.1581

* 180 1 1 0.3443 0.2287 0.0083 0.0775 0.3412
181 1 1 0.3831 0.1791 0.0097 0.0941 0.3340
182 1 1 0.4693 0.0848 0.0083 0.0848 0.3528
183 1 1 0.5193 0.0746 0.0074 0.0691 0.3297
184 1 1 0.5722 0.0576 0.0067 0.0627 0.3007
185 1 1 0.4382 0.1031 0.0064 0.0556 0.3966
186 1 1 0.4019 0.3028 0.0058 0.1267 0.1629
187 1 1 0.5008 0.2339 0.0051 0.1086 0.1516
188 1 1 0.6056 0.1083 0.0058 0.1034 0.1720
189 1 1 0.5034 0.1444 0.0085 0.2705 0.0732 p.

190 1 1 0.6207 0.0886 0.0069 0.2082 0.0756
191 1 1 0.6095 0.1128 0.0052 0.1233 0.1492
192 1 1 0.5138 0.1516 0.0060 0.0694 0.2592
193 1 1 0.4319 0.1915 0.0068 0.1073 0.2624
194 1 1 0.4813 0.1599 0.0059 0.1125 0.2404
195 1 1 0.5681 0.1297 0.0049 0.0901 0.2072
196 1 1 0.5469 0.2071 0.0069 0.1610 0.0781
197 1 1 0.6787 0.1277 0.0056 0.1016 0.0864
198 1 1 0.7725 0.0662 0.0039 0.0746 0.0828
199 1 1 0.8019 0.0509 0.0035 0.0681 0.0756
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200 1 1 0.7240 0.0418 0.0017 0.0817 0.1508 -I

201 1 1 0.7803 0.0234 0.0018 0.0768 0.1177
202 1 1 0.8264 0.0145 0.0015 0.0592 0.0984
203 1 1 0.8533 0.0098 0.0013 0.0456 0.0901
204 1 1 0.8699 0.0095 0.0012 0.0534 0.0660
205 1 1 0.8608 0.0088 0.0010 0.0624 0.0670
206 1 1 0.8812 0.0073 0.0010 0.0594 0.0510
207 1 1 0.9027 0.0059 0.0010 0.0455 0.0449
208 1 1 0.9174 0.0043 0.0010 0.0394 0.0380
209 1 1 0.9135 0.0032 0.0010 0.0213 0.0609
210 1 1 0.9303 u.0016 0.0010 0.0147 0.0524
211 1 1 0.9466 0.0013 0.0010 0.0131 0.0381 0

212 1 1 0.9442 0.0010 0.0010 0.0134 0.0404
213 1 1 0.9541 0.0010 0.0010 0.0097 0.0342
214 1 1 0.9575 0.0010 0.0010 0.0081 0.0324
215 1 1 0.9601 0.0010 0.0010 0.0098 0.0282 -

216 1 1 0.9698 0.0010 0.0010 0.0066 0.0216 w
217 1 1 0.9769 0.0010 0.0010 0.0054 0.0157
218 1 1 0.9326 0.0022 0.0020 0.0053 0.0579
219 1 1 0.9757 0.0010 0.0011 0.0050 0.0171
220 1 1 0.9836 0.0010 0.0010 0.0042 0.0102
221 1 1 0.9860 0.0010 0.0010 0.0021 0.0099
222 1 1 0.9866 0.0010 0.0010 0.0016 0.0098 :'.:-..
223 1 1 0.9794 0.0018 0.0011 0.0020 0.0158 %
224 1 1 0.9873 0.0010 0.0010 0.0015 0.0092
225 1 1 0.9891 0.0010 0.0010 0.0011 0.0078
226 1 1 0.9833 0.0010 0.0010 0.0010 0.0137 S
227 1 1 0.9852 0.0010 0.0010 0.0010 0.0118
228 1 1 0.9915 0.0010 0.0010 0.0010 0.0055
229 1 1 0.9935 0.0010 0.0010 0.0010 0.0035 ""
230 1 1 0.9850 0.0102 0.0010 0.0021 0.0018
231 1 1 0.9868 0.0086 0.0010 0.0018 0.0017
232 1 1 0.9920 0.0041 0.0010 0.0014 0.0015 - -

233 1 1 0.9952 0.0016 0.0010 0.0010 0.0012
234 1 1 0.9959 0.0011 0.0010 0.0010 0.0010
235 1 1 0.9960 0.0010 0.0010 0.0010 0.0010
236 1 1 0.9960 0.0010 0.0010 0.0010 0.0010
237 1 1 0.9951 0.0010 0.0013 0.0010 0.0016
238 1 1 0.9956 0.0010 0.0012 0.0010 0.0012
239 1 1 0.9957 0.0010 0.0013 0.0010 0.0010
240 1 1 0.9960 0.0010 0.0010 0.0010 0.0010
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E.8 ICREST Results from Trajectory Eight Residuals. -
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KREST: Kalman filter Expert SysTem.
NFRMS : 240 -ITra: 8 ,

# Rule KR MAP Pl P2 P3 P4 P5'"

i 1 1 0.9600 0.0100 0.0100 0.0100 0.0100
2 1 1 0.9600 0.0100 0.0100 0.0100 0.0100 "['

31 1 09602 0.0097 0.0099 0.0098 0.0103".',
4 1 1 0.9546 0.0068 0.0092 0.0068 0.0226 ".,

51 1 09762 0.0014 0.0113 0.0010 0.0101 :-
6 1 1 0.9765 0.0010 0.0111 0.0010 0.0104 0
7 1 1 0.9742 0.0010 0.0103 0.0012 0.0134 I.

81 1 0.9744 0.0010 0.0101 0.0011 0.0135 ;'
9 1 1 0.9677 0.0010 0.0103 0.0011 0.0199 %-

10 1 1 0.9646 0.00i0 0.0080 0.0010 0.0254 _,
ii 1 1 0.9644 0.00i0 0.0079 0.0010 0.0257 q
12 1 1 0.9614 0.0010 0.0073 0.0012 0.0291 ""'
13 1 1 0.9566 0.0012 0.0066 0.0013 0.0343 .'
14 1 1 0.9731 0.0010 0.0073 0.0013 0.0173,.,.
is 1 1 0.9602 0.0025 0.0111 0.0019 0.0244
16 1 1 0.9371 0.0081 0.0208 0.0074 0.0266•]
17 1 1 0. 6666 0.0974 0. 0956 0. 0963 0. 0441 t.?
18 1 1 0.7800 0.0197 0.1138 0.0158 0.0707 ,

• . .* ,. .,

19 3 3 0.2955 0.0668 0.4880 0.130 0.0192-
20 1 1 0.6512 0.0199 0.2002 0.0699 0.0588
21 1 1 0.5027 0.0205 0.3637 0.0765 0.0366
22 3 3 0.2686 0.0457 0.5750 .0766 0.00341
23 3 3 0.2218 .0486 0.6124 .0789 0.0383
24 3 3 0.2802 0.0378 0.5747 .0775 0.0298
25 40 1 3 0.3437 0.0222 0.5254 0.0770 0.0318
26 3 3 0.0633 0.0395 0.7546 0.1335 0.0091
27 3 3 0.1548 0.0163 0.7160 0.0954 0.0176
28 40 1 3 0.3365 0.0120 0.5416 0.0602 0.0496
29 40 1 3 0.3920 0.0058 0.4872 0.0579 0.0571
30 3 3 0.3294 0.0016 0.5696 0.0398 0.0596
31 40 1 3 0.3705 0.0018 0.4979 0.0381 0.0917
32 40 1 3 0.3723 0.0014 0.4516 0.0264 0.1483
33 3 3 0.3624 0.0010 0.4979 0.00177 0.1209
34 40 1 3 0.3783 0.0010 0.4809 0.0141 0.1256 .35 3 3 0.2456 0.0048 0.6813 0.0082 0.012
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36 40 1 3 0.4119 0.0010 C.5149 0.0010 0.0712
37 3 3 0.3481 0.0033 0.4622 0.0014 0.1850
38 40 1 3 03697 0.0031 0.4835 00010 0 1427, -

39 40 1 3 0.3813 0.0015 0.4750 0.0010 0.1412
40 1 1 0.4706 0.0010 0.3663 0.0010 0.1610
41 1 1 0.5118 0.0010 0.2685 0.0010 0.2178
42 1 1 0.5231 0.0010 0.2657 0.0010 0.2092
43 1 1 0.5790 0.0010 0.1673 0.0010 0.2517
44 1 1 0.6508 0.0010 0.1443 0.0010 0.2029
45 1 1 0.5988 0.0010 0.2331 0.0010 0.1662
46 1 1 0.6655 0.0010 0.1837 0.0010 0.1488
47 1 1 0.5952 0.0016 0.2332 0.0010 0.1690 S
48 1 1 0.6321 0.0010 0.2000 0.0011 0.1657
49 1 1 0.5208 0.0011 0.2691 0.0010 0.2080
50 3 3 0.4007 0.0021 0.4202 0.0021 0.1750
51 3 3 0.3'689 0.0018 0.4580 0.0010 0.1703
52 1 1 0.4912 0.0010 0.2799 0.0010 0.2269 A
53 1 1 0.6037 0.0010 0.1228 0.0010 0.2715
54 1 1 0.5810 0.0011 0.1324 0.0010 0.2844
55 70 1 5 0.3839 0.0010 0.1149 0.0010 0.4992
56 70 1 5 0.2542 0.0010 0.1618 0.0010 0.5820
57 70 1 5 0.2671 0.0010 0.1309 0.0011 0.5999
58 70 1 5 0.2665 0.0010 0.1517 0.0010 0.5797
59 5 5 0.2718 0.0010 0.0743 0.0010 0.6519
60 70 1 5 0.2991 0.0010 0.1072 0.0010 0.5917
61 25 1 5 0.3240 0.0011 0.0725 0.0010 0.6014
62 5 5 0.2312 0.0010 0.0360 0.0010 0.7308 5
63 5 5 0.0497 0.0078 0.0689 0.0031 0.8706 N

64 3 3 0.0010 0.1181 0.8263 0.0320 0.0226
65 2 2 0.0010 0.9960 0.0010 0.0010 0.0010 V.

66 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
67 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
68 2 2 0.0010 0.9960 0.0010 0.0010 0.0010 '
69 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
70 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
71 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
72 2 2 0.0230 0.9698 0.0010 0.0045 0.0018
73 2 2 0.0061 0.9900 0.0010 0.0010 0.0020 ,
74 2 2 0.0333 0.9590 0.0010 0.0023 0.0044
75 2 2 0.0988 0.8837 0.0010 0.0022 0.0142
76 2 2 0.1089 0.8727 0.0010 0.0033 0.0141
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77 2 2 0.2318 0.7392 0.0010 0.0048 0.0233
78 7 2 0.2733 0.7024 0.0010 0.0027 0.0206
79 2 2 0.4346 0.5243 0.0010 0.0052 0.0349
80 1 1 0.6093 0.3410 0.0010 0.0064 0.0424
81 1 1 0 ;233 0.2139 0.0010 0.0090 0.0529
82 1 1 0.8653 0.0555 0.0010 0.0075 0.0707
83 1 1 0.8663 0.0175 0.0017 0.0054 0.1092
84 1 1 0.8382 0.0022 0.0010 0.0038 0.1549
85 1 1 0.8708 0.0012 0.0010 0.0049 0.1220
86 1 1 0.7662 0.0010 0.0010 0.0010 0.2308
87 1 1 0.7894 0.0010 0.0010 0.0010 0.2076
88 1 1 0.7156 0.0010 0.0010 0.0010 0.2814-0
89 1 1 0.6715 0.0015 0.0010 0.0012 0.3248
90 1 1 0.7441 0.0017 0.0010 0.0014 0.2517
91 1 1 0.7037 0.0026 0.0010 0.0043 0.2884
92 1 1 0.7309 0.0030 0.0010 0.0035 0.2616
93 1 1 0.6778 0.0099 0.0011 0.0155 0.2957 S
94 1 1 0.7595 0.0010 0.0010 0.0010 0.2375 '

95 1 1 0.7776 0.0010 0.0010 0.0010 0.2194 *

96 1 1 0.7790 0.0198 0.0010 0.0267 0.1736
97 1 1 0.5160 0.1012 0.0016 0.1656 0.2156
98 1 1 0.3588 0.1812 0.0024 0.1574 0.3002 0
99 2 2 0.0699 0.4300 0.0012 0.3151 0.1837

100 2 2 0.0071 0.7272 0.0010 0.2428 0.0218
101 2 2 0.0010 0.9342 0.0010 0.0499 0.0139
102 2 2 0.0010 0.9923 0.0010 0.0026 0.0031
103 2 2 0.0312 0.7040 C.0194 0.0015 0.2440 5
104 2 2 0.0015 0.4948 0.0184 0.0010 0.4843
105 2 2 0.0010 0.8041 0.0190 0.0010 0.1749
106 2 2 0.0010 0.9793 0.0050 0.0010 0.0138
107 2 2 0.0010 0.9936 0.0028 0.0010 0.0016
108 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
109 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
110 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
111 2 2 0.0010 0.9960 0.0010 0.0010 0.0010112 2 2 00010 0.9960 0.0010 0.0010 0.0010

113 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
114 2 2 0.0010 0.9960 0.0010 0.0010 0.0010

115 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
116 2 2 0.0010 0.9959 0.0011 0.0010 0.0010
117 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
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118 2 2 0.0028 0.9813 0.0057 0.0012 0.0090 0
119 2 2 0.0010 0.9867 0.0066 0.0010 0.0047 .,
120 2 2 0.0010 0.9864 0.0095 0.0012 0.0019
121 2 2 0.0010 0.9912 0.0056 0.0010 0.0012
122 2 2 0.0010 0.9947 0.0023 0.0010 0.0010
123 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
124 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
125 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
126 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
127 2 2 0.0010 0.9955 0.0013 0.0012 0.0010
128 2 2 0.0055 0.9592 0.0184 0.0015 0.0155
129 2 2 0.0010 0.9931 0.0033 0.0016 0.0010
130 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
131 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
132 2 2 0.0010 0.9956 0.0010 0.0014 0.0010
133 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
134 2 2 0.0010 0.9960 0.0010 0.0010 0.0010 ,

135 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
136 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
137 2 2 0.0016 0.9929 0.0023 0.0016 0.0016
138 2 2 0.0034 0.9911 0.0020 0.0012 0.0023

139 2 2 0.0010 0.9896 0.0010 0.0013 0.0071 S
140 2 2 0.0010 0.9960 0.0010 0.0010 0.0010 .%,.
141 2 2 0.0010 0.9960 0.0010 0.0010 0.0010 -
142 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
143 2 2 0.0010 0.9960 0.0010 0.0010 0.0010 I

144 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
145 2 2 0.0010 0.9960 0.0010 0.0010 0.0010

146 2 2 0.0057 0.9908 0.0010 0.0016 0.0010 '.'
147 2 2 0.0081 0.9878 0.0010 0.0021 0.0010
148 2 2 0.0300 0.9601 0.0010 0.0044 0.0045
149 2 2 0.0263 0.9639 0.0010 0.0043 0.0044 0
150 2 2 0.0321 0.9575 0.0010 0.0045 0.0049
151 2 2 0.0641 0.9174 0.0010 0.0080 0.0095
152 2 2 0.0419 0.9441 0.0010 0.0056 0.0074
153 2 2 0.0466 0.9391 0.0010 0.0058 0.0074
154 2 2 0.0315 0.9586 0.0012 0.0031 0.0055
155 2 2 0.0264 0.9672 0.0010 0.0024 0.0030
156 2 2 0.0378 0.9534 0.0014 0.0038 0.0036
157 2 2 0.0402 0.9507 0.0015 0.0034 0.0042
158 2 2 0.0355 0.9562 0.0014 0.0035 0.0034
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159 2 2 0.0547 0.9349 0.0015 0.0057 0.0032 --
160 2 2 0.0374 0.9560 0.0010 0.0035 0.0021
161 2 2 0.0461 0.9463 0.0011 0.0036 0.0029
162 2 2 0.0089 0.9858 0.0010 0.0029 0.0014
163 2 2 0.0119 0.9823 0.0010 0.0032 0.0015
164 2 2 0.0479 0.9395 0.0024 0.0069 0.0033
165 2 2 0.0682 0.9130 0.0028 0.0120 0.0040
166 2 2 0.0736 0.9027 0.0037 0.0142 0.0058
167 2 2 0.0719 0.9078 0.0035 0.0119 0.0048
168 2 2 0.1368 0.8346 0.0072 0.0124 0.0090
169 2 2 0.1548 0.8141 0.0083 0.0124 0.0105
170 2 2 0.1765 0.7892 0.0099 0.0142 0.0101
171 2 2 0.0124 0.9698 0.0024 0.0121 0.0033
172 2 2 0.1024 0.8327 0.0075 0.0367 0.0208
173 2 2 0.2235 0.6801 0.0097 0.0629 0.0238
174 2 2 0.2824 0.6124 0.0073 0.0730 0.0249
175 2 2 0.3446 0.5425 0.0074 0.0813 0.0243 g
176 1 1 0.5298 0.3454 0.0123 0.0849 0.0277
177 1 1 0.4691 0.3796 0.0133 0.1141 0.0239
178 2 2 0.4039 0.4233 0.0151 0.1426 0.0151
179 1 1 0.5305 0.2796 0.0197 0.1522 0.0180
180 1 1 0.4724 0.3730 0.0087 0.0975 0.0484 0
181 1 1 0.4955 0.3198 0.0087 0.1229 0.0530
182 1 1 0.6438 0.1943 0.0063 0.0977 0.0579183 1 1 0.6724 0.1574 0.0051 0.0990 0.0661
184 1 1 0.7321 0.1228 0.0045 0.0857 0.0550
185 1 1 0.6517 0.1911 0.0053 0.0994 0.0524 S
186 1 1 0.5100 0.3522 0.0043 0.1086 0.0248
187 1 1 0.6030 0.2640 0.0043 0.1043 0.0244
188 1 1 0.6391 0.1760 0.0060 0.1491 0.0298
189 1 1 0.4717 0.2072 0.0082 0.3052 0.0077
190 1 1 0.6201 0.1293 0.0076 0.2355 0.0074
191 1 1 0.6548 0.1284 0.0057 0.1992 0.0119
192 1 1 0.6109 0.2255 0.0082 0.1356 0.0198
193 1 1 0.3943 0.3575 0.0093 0.2295 0.0094
194 1 1 0.4275 0.3023 0.0088 0.2530 0.0084
195 1 1 0.5606 0.2284 0.0066 0.1977 0.0068
196 1 1 0.3855 0.3148 0.0083 0.2888 0.0026
197 1 1 0.5163 0.3216 0.0090 0.1482 0.0050
198 1 1 0.6494 0.2118 0.0073 0.1258 0.0056
199 1 1 0.7000 0.1758 0.0071 0.1116 0.0055
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200 1 1 0.7916 0.1137 0.0055 0.0810 0.0081 -i
201 1 1 0.8541 0.0491 0.0044 0.0881 0.0043
202 1 1 0.8882 0.0275 0.0040 0.0768 0.0036 %
203 1 1 0.9314 0.0199 0.0034 0.0417 0.0036 .N.
204 1 1 0.9387 0.0168 0.0032 0.0382 0.0031
205 1 1 0.9466 0.0124 0.0026 0.0356 0.0027
206 1 1 0.9577 0.0116 0.0022 0.0258 0.0028
207 1 1 0.9646 0.0110 0.0020 0.0198 0.0028 - --
208 1 1 0.9710 0.0080 0.0016 0.0169 0.0025 .
209 1 1 0.9709 0.0068 0.0020 0.0177 0.0026
210 1 1 0.9786 0.0033 0.0016 0.0145 0.0019
211 1 1 0.9848 0.0023 0.0012 0.0103 0.0015 _
212 1 1 0.9827 0.0014 0.0011 0.0137 0.0011
213 1 1 0.9857 0.0010 0.0010 0.0113 0.0010
214 1 1 0.9892 0.0010 0.0010 0.0078 0.0010
215 1 1 0.9876 0.0010 0.0010 0.0094 0.0010
216 1 1 0.9908 0.0010 0.0010 0.0062 0.0010
217 1 1 0.9920 0.0010 0.0010 0.0050 0.0010 e.
218 1 1 0.9889 0.0017 0.0020 0.0049 0.0025
219 1 1 0.9926 0.0010 0.0011 0.0043 0.0010
220 1 1 0.9948 0.0010 0.0010 0.0022 0.0010
221 1 1 0.9925 0.0010 0.0010 0.0045 0.0010 •
222 1 1 0.9936 0.0010 0.0010 0.0034 0.0010 .
223 1 1 0.9931 0.0013 0.0013 0.0032 0.0012 %224 1 1 0.9951 0.0010 0.0010 0.0019 0.0010

Nw %
225 1 1 0.9950 0.0010 0.0010 0.0020 0.0010 1
226 1 1 0.9937 0.0010 0.0011 0.0020 0.0021
227 1 1 0.9945 0.0010 0.0010 0.0016 0.0019 .- .228 1 1 0.9959 0.0010 0.0010 0.0011 0.0010
229 1 1 0.9960 0.0010 0.0010 0.0011 0.0010 "A.
230 1 1 0.9884 0.0073 0.0018 0.0015 0.0010
231 1 1 0.9900 0.0056 0.0021 0.0013 0.0010
232 1 1 0.9936 0.0027 0.0016 0.0011 0.0010
233 1 1 0.9960 0.0010 0.0010 0.0010 0.0010
234 1 1 0.9960 0.0010 0.0010 0.0010 0.0010
235 1 1 0.9960 0.0010 J.0010 0.0010 0.0010
236 1 1 0.9960 0.0010 0.0010 0.0010 0.0010.
237 1 1 0.9960 0.0010 0.0010 0.0010 0.0010
238 1 1 0.9960 0.0010 0.0010 0.0010 0.0010
239 1 1 0.9952 0.0010 J.0018 0.0010 0.0010
240 1 1 0.9958 0.0010 ).0013 0.0010 0.0010
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E.9 NREST Results from Trajectory .Vine Residuals.
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KREST: Kalman filter Expert SysTem.

NFRMS: 240

ITraj : 9

# Rule KR MAP P1 P2 P3 P4 P5

0.9600 0.0100 0.0100 0.0100 0.0100
1 1 1 0.9600 0.0100 0.0100 0.0100 0.0100

3 1 1 0.9606 0.0096 0.0098 0.0101 0.0099
4 1 1 0.9654 0.0037 0.0076 0.0113 0.0121
5 1 1 0.9698 0.0034 0.0078 0.0067 0.0123
6 1 1 0.9701 0.0034 0.0074 0.0065 0.0126 0

7 1 1 0.9661 0.0045 0.0068 0.0091 0.0135
8 1 1 0.9664 0.0041 0.0073 0.0092 0.0131
9 1 1 0.9713 0.0041 0.0079 0.0076 0.0092 A-

10 1 1 0.9785 0.0029 0.0065 0.0047 0.0074
11 1 1 0.9810 0.0020 0.0062 0.0042 0.0066 S
12 1 1 0.9840 0.0016 0.0057 0.0037 0.0050
13 1 1 0.9814 0.0014 0.0056 0.0051 0.0065
14 1 1 0.9840 0.0010 0.0040 0.0060 0.0050
15 1 1 0.9729 0.0035 0.0065 0.0143 0.0028
16 1 1 0.9443 0.0048 0.0127 0.0349 0.0033 -
17 1 1 0.8549 0.0104 0.0314 0.1014 0.0019
18 1 1 0.9623 0.0048 0.0144 0.0163 0.0023
19 1 1 0.5690 0.1537 0.0617 0.2109 0.0047
20 1 1 0.8559 0.0454 0.0246 0.0680 0.006.
21 1 1 0.7071 0.0907 0.0463 0.1482 0.0078 0
22 1 1 0.4801 0.3525 0.0765 0.0855 0.0053
23 1 1 0.5734 0.2678 0.0715 0.0840 0.0033
24 1 1 0.6592 0.1965 0.0615 0.0799 0.0029
25 1 1 0.7312 0.1511 0.0509 0.0644 0.0025
26 1 1 0.4846 0.2183 0.1197 0.1763 0.0010

27 1 1 0.6825 0.1060 0.0843 0.1261 0.0011
28 1 1 0.8209 0.0817 0.0306 0.0657 0.0010
29 1 1 0.8434 0.0717 0.0288 0.0551 0.0010
30 1 1 0.8353 0.0707 0.0358 0.0572 0.0010

31 1 1 0.8919 0.0244 0.0330 0.0497 0.0010
32 1 1 0.9225 0.0120 0.0276 0.0368 0.0010
33 1 1 0.9234 0.0094 0.0289 0.0373 0.0010
34 1 1 0.9379 0.0067 r.0251 0.0294 0.0010
35 1 1 0.8928 0.0044 0.0501 0.0517 0.0010

S,
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36 1 1 0.9729 0.0011 0.0172 0.0078 0.0010
37 1 1 0.9616 0.0010 0.0207 0.0157 0.0010
38 1 1 0.9632 0.0010 0.0196 0.0153 0.0010
39 1 1 0.9661 0.0010 0.0182 0.0138 0.0010
40 1 1 0.9756 0.0010 0.0143 0.0081 0.0010
41 1 1 0.9833 0.0010 0.0102 0.0045 0.0010
42 1 1 0.9784 0.0017 0.0118 0.0070 0.0010
43 1 1 0.9845 0.0018 0.0079 0.0048 0.0010
44 1 1 0.9848 0.0010 0.0067 0.0063 0.0012
45 1 1 0.9656 0.0010 0.0190 0.0134 0.0010
46 1 1 0.9743 0.0010 0.0133 0.0105 0.0010
47 1 1 0.9723 0.0016 0.0160 0.0083 0.0019

48 1 1 0.9788 0.0010 0.0111 0.0077 0.0014 N,
49 1 1 0.9718 0.0010 0.0156 0.0096 0.0020
50 1 1 0.9143 0.0026 0.0409 0.0399 0.0024
51 1 1 0.9135 0.0015 0.0527 0.0295 0.0028
52 1 1 0.9528 0.0010 0.0279 0.0169 0.0015 ,V
53 1 1 0.9802 0.0010 0.0133 0.0045 0.0011
54 1 1 0.9837 0.0010 0.0110 0.0032 0.0010
55 1 1 0.9727 0.0020 0.0203 0.0027 0.0023
56 1 1 0.9576 0.0032 0.0330 0.0023 0.0039
57 1 1 0.9737 0.0011 0.0200 0.0022 0.0029
58 1 1 0.9669 0.0010 0.0259 0.0024 0.0039
59 1 1 0.9764 0.0010 0.0180 0.0016 0.0030
60 1 1 0.9687 0.0011 0.0266 0.0012 0.0024
61 1 1 0.9709 0.0013 0.0232 0.0010 0.0036
62 1 1 0.9809 0.0010 0.0146 0.0010 0.0025
63 1 1 0.9640 0.0054 0.0209 0.0029 0.0067
64 1 1 0.8789 0.0253 0.0618 0.0105 0.0235
65 1 1 0.5513 0.1438 0.2335 0.0484 0.0231
66 55 3 2 0.0025 0.5040 0.4805 0.0067 0.0063
67 55 3 2 0.0010 0.6038 0.3915 0.0026 0.0010 S
68 2 2 0.0010 0.8350 0.1620 0.0010 0.0010
69 2 2 0.0010 0.9646 0.0324 0.0010 0.0010

70 2 2 0.0010 0.9885 0.0085 0.0010 0.0010
71 2 2 0.0010 0.9954 0.0016 0.0010 0.0010
72 2 2 0.0010 0.9954 0.0016 0.0010 0.0010
73 2 2 0.0010 0.9870 0.0074 0.0010 0.0036 -. ..

74 2 2 0.0010 0.9937 0.0033 0.0010 0.0010
75 2 2 0.0010 0.9956 0.0014 0.0010 0.0010
76 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
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77 2 2 0.0010 0.9958 0.0012 0.0010 0.0010

78 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
79 2 2 0.0010 0.9959 0.0011 0.0010 0.0010 .

80 2 2 0.0010 0.9960 0.0010 0.0010 0.0010.
81 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
82 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
83 2 2 0.0010 0.9952 0.0018 0.0010 0.0010

84 2 2 0.0010 0.9950 0.0020 0.0010 0.0010 "

85 2 2 0.0010 0.9955 0.0015 0.0010 0.0010

86 2 2 0.0010 0.9933 0.0014 0.0033 0.0010 .
87 2 2 0.0013 0.9900 0.0044 0.0025 0.0018 "

88 2 2 0.0010 0.9955 0.0015 0.0010 0.0010
89 2 2 0.0010 0.9952 0.0018 0.0010 0.0010 '5

90 2 2 0.0010 0.9953 0.0017 0.0010 0.0010Q

91 2 2 0.0010 0.9960 0.0010 0.0010 0.0010 ,
92 2 2 0.0010 0.9959 0.0011 0.0010 0.0010 '

93 2 2 0.0010 0.9959 0.0011 0.0010 0.0010

94 2 2 0.0010 0.9960 0.0010 0.0010 0.0010-'

95 2 2 0.0014 0.9953 0.0010 0.0011 0.0011
96 2 2 0.0019 0.9940 0.0016 0.0010 0.0015
97 2 2 0.0016 0.9949 0.0013 0.0010 0.0012 ,
98 2 2 0,0023 0.993T 0.0015 0.0011 0.0014
99 2 2 0.0015 0.9955 0.0010 0.0010 0.0010 ,

100 2 2 0.0016 0.9944 0.0015 0.0015 0.0010 -
101 2 2 0.0023 0.9931 0.0017 0.0017 0.0012 %,
102 2 2 0.0043 0.9878 0.0032 0004 002 '

103 2 2 0.0044 0.9894 0.0030 0.0023 0.0010
10 .03 0.9882 0.0026 0.0016 0.0013 [

105 2 2 0.0108 0.9824 0.0029 0.0019 0.0019,
106 2 2 0.0407 0.9456 U.0038 0.0048 0.0051 ,
107 2 2 0.0710 0.9121 0.0061 0.0049 0.0060
108 2 2 0.0882 0,8953 0.0054 0.0047 0.0064
109 2 2 0.1310 0.8467 0.0063 0.0073 0.0088
110 2 2 0.0665 0.9204 0.0033 0.0070 0.0029
ill 2 2 0.0874 0.8979 0.0037 0.0078 0.0032
112 2 2 0.1937 0.7839 0.0065 0.0106 0.0054
113 2 2 0.1654 0.7963 0.0096 0.0270 0.0017

114 2 2 0.2253 0.7291 0.0124 0.0310 0.0021
115 2 2 0.3441 0.6144 0.0144 0.0246 0.0026
116 2 2 0.0818 0.8732 0.0126 0.0314 0.0010 -
117 2 2 0.2797 0.5962 G.0408 0.0803 0.0030 -
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118 2 2 0.4106 0.5377 0.0249 0.0242 0.0026
119 1 1 0.5035 0.4396 0.0283 0.0263 0.0023 5
120 1 1 0.6774 0.2526 0.0326 0.0350 0.0024

121 1 1 0.8537 0.0812 0.0324 0.0305 0.0023
122 1 1 0.8978 0.0474 0.0286 0.0244 0.0017
123 1 1 0.9206 0.0294 0.0251 0.0228 0.0022
124 1 1 0.9344 0.0181 0.0267 0.0184 0.0024
125 1 1 0.9570 0.0052 0.0207 0.0157 0.0013
126 1 1 0.9643 0.0033 0.0174 0.0139 0.0010.

127 1 1 0.9810 0.0010 0.0106 0.0064 0.0010 %

128 1 1 0.9808 0.0010 0.0132 0.0040 0.0010
129 1 1 0.9787 0.0010 0.0155 0.0027 0.0021
130 1 1 0.9829 0.0010 0.0121 0.0023 0.0017
131 1 1 0.9840 0.0010 0.0111 0.0014 0.0025
132 1 1 0.9701 0.0049 0.0147 0.0015 0.0088
133 1 1 0.9817 0.0017 0.0098 0.0014 0.0054
134 1 1 0.9656 0.0024 0.0187 0.0013 0.0120
135 1 1 0.9659 0.0019 0.0192 0.0018 0.0112
136 1 1 0.9521 0.0054 0.0303 0.0047 0.0076
137 1 1 0.9462 0.0100 0.0300 0.0083 0.0055
138 1 1 0.9351 0.0113 0.0379 0.0117 0.0040
139 1 1 0.9568 0.0039 0.0273 0.0087 0.0033
140 1 1 0.9647 0.0028 0.0226 0.0073 0.0027
141 1 1 0.9780 0.0012 0.0145 0.0027 0.0037
142 1 1 0.8987 0.0125 0.0580 0.0087 0.0221
143 61 1 3 0.2585 0.2451 0.3493 0.0042 0.1428 1O

144 55 3 2 0.0099 0.5315 0.3939 0.0011 0.0635 0
145 55 3 2 0.0010 0.7359 0.2501 0.0010 0.0120
146 2 2 0.0010 0.9145 0.0819 0.0010 0.0016
147 2 2 0.0010 0.9722 0.0248 0.0010 0.0010
148 2 2 0.0010 0.9835 0.0135 0.0010 0.0010
149 2 2 0.0010 0.9870 0.0101 0.0010 0.0010 S
150 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
151 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
152 2 2 0.0010 0.9957 0.0013 0.0010 0.0010
153 2 2 0.0010 0.9957 0.0013 0.0010 0.0010
154 2 2 0.0010 0.9960 0.0010 0.0010 0.0010

155 2 2 0.0010 0.9956 0.0014 0.0010 0.0010

156 2 2 0.0010 0.9947 0.0023 0.0010 0.0010

157 2 2 0.0010 0.9951 0.0019 0.0010 0.0010

158 2 2 0.0010 0.9954 0.0016 0.0010 0.0010 ,.
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159 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
160 2 2 0.0010 0.9958 0.0012 0.0010 0.0010
161 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
162 2 2 0.0103 0.9833 0.0010 0.0010 0.0044 -
163 2 2 0.0037 0.9912 0.0010 0.0010 0.0031
164 2 2 0.0061 0.9856 0.0036 0.0028 0.0019
165 2 2 0.0015 0.9909 0.0037 0.0029 0.0010 , -
166 2 2 0.0010 0.9922 0.0041 0.0017 0.0010
167 2 2 0.0010 0.9917 C.0049 0.0014 0.0010
168 2 2 0.0010 0.9913 0.0054 0.0010 0.0013
169 2 2 0.0010 0.9912 0.0054 0.0010 0.0014
170 2 2 0.0010 0.9927 0.0042 0.0011 0.0010
171 2 2 0.0010 0.9960 0.0010 0.0010 0.0010
172 2 2 0.0019 0.9936 0.0013 0.0021 0.0011
173 2 2 0.0016 0.9950 0.0010 0.0014 0.0010
174 2 2 0.0043 0.9892 0.0016 0.0037 0.0013
175 2 2 0.0027 0.9912 0.0012 0.0040 0.0010
176 2 2 0.0035 0.9829 0.0022 0.0098 0.0015
177 2 2 0.0010 0.9903 0.0010 0.0067 0.0010
178 2 2 0.0010 0.9860 0.0010 0.0110 0.0010.179 2 2 0.0010 0.9843 0.0011 0.0126 0.0010
180 2 2 0.0057 0.963 00026 0.01 0.001057-180 2 2 0.0057 0.963 0.0026 0.0221 0.0057181 2 2 0.0038 0.9633 0.0025 0.0257 0.0047182 2 2 0.0051 0.9663 0.0024 0.0204 0.0058 *555

183 2 2 0.0076 0.9573 0.0022 0.0258 0.0070
184 2 2 0.0081 0.9559 0.0024 0.0287 0.0049
185 2 2 0.0039 0.9670 0.0013 0.0228 0.0050186 2 2 0.0046 0.9633 0.0011 0.0259 0.0051
187 2 2 0.0051 0.9595 0.0010 0.0275 0.0068
188 2 2 0.0068 0.9574 0.0012 0.0256 0.0089 .,...189 2 2 0.0061 0.9595 0.0013 0.0267 0.0064
190 2 2 0.0104 0.9503 0.0011 0.0301 0.0082 S
191 2 2 0.0045 0.9667 0.0010 0.0185 0.0093
192 2 2 0.0018 0.9766 0.0010 0.0074 0.0133
193 2 2 0.0016 0.9804 0.0011 0.0051 0.0117
194 2 2 0.0024 0.9785 0.0011 0.0062 0.0118
195 2 2 0.0049 0.9565 0.0022 0.0154 0.0210
196 2 2 0.0093 0.9409 0.0032 0.0255 0.0210
197 2 2 0.0226 0.8851 0.0038 0.0385 0.0500 "
198 2 2 0.0155 0.9169 0.0019 0.0301 0.0356
199 2 2 0.0187 0.9094 (-.0020 0.0310 0.0389
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200 2 2 0.0122 0.9032 0.0014 0.0427 0.0406 p
201 2 2 0.0055 0.9385 0.0012 0.0370 0.0179 h

202 2 2 0.0052 0.9389 0.0014 0.0429 0.0116
203 2 2 0.0057 0.9299 0.0016 0.0492 0.0136
204 2 2 0.0028 0.9494 0.0011 0.0418 0.0049
205 2 2 0.0014 0.9515 0.0010 0.0431 0.0030
206 2 2 0.0013 0.9476 0.0010 0.0479 0.0022
207 2 2 0.0017 0.9426 0.0011 0.0526 0.0021
208 2 2 0.0016 0.9354 0.0012 0.0599 0.0019
209 2 2 0.0033 0.9165 0.0018 0.0753 0.0031
210 2 2 0.0021 0.9173 0.0016 0.0771 0.0019
211 2 2 0.0021 0.8818 0.0014 0.1128 0.0020
212 2 2 0.0021 0.8697 0.0013 0.1246 0.0023
213 2 2 0.0021 0.0010 0.1455 0.0022
214 2 2 0.0026 0.8251 0.0010 0.1694 0.0018
215 2 2 0.0011 0.8794 0.0010 0.1163 0.0022
216 2 2 0.0010 0.8544 0.0010 0.1416 0.0019
217 2 2 0.0022 0.8268 0.0029 0.1648 0.0034
218 2 2 0.0010 0.8389 0.0027 0.1529 0.0045
219 75 2 4 0.0038 0.4528 0.0066 0.5318 0.0049
220 75 2 4 0.0067 0.4391 0.0074 0.5413 0.0055
221 4 4 0.0119 0.2561 0.0097 0.7145 0.0078
222 75 2 4 0.0152 0.3622 0.0126 0.5988 0.0113
223 75 2 4 0.0099 0.4389 0.0125 0.5268 0.0120
224 4 4 0.0127 0.2055 0.0113 0.7575 0.0130
225 4 4 0.0152 0.1703 0.0094 0.7943 0.0108
226 4 4 0.0164 0.1080 0.0080 0.8588 0.0087
227 4 4 0.0208 0.0815 0.0073 0.8804 0.0099
228 4 4 0.0193 0.0308 0.0058 0.9393 0.0048
229 4 4 0.0305 0.0462 0.0094 0.9067 0.0073
230 4 4 0.0088 0.0444 0.0020 0.9389 0.0059
231 4 4 0.0107 0.0332 0.0014 0.9484 0.0063
232 4 4 0.0119 0.0321 0.0014 0.9472 0.0074
233 4 4 0.0198 0.0385 0.0016 0.9264 0.0137
234 4 4 0.0225 0.0381 0.0017 0.9224 0.0153
235 4 4 0.0228 0.0321 0.0016 0.9344 0.0091
236 4 4 0.0250 0.0474 0.0021 0.9125 0.0131
237 4 4 0.0215 0.0406 0.0020 0.9240 0.0120
238 4 4 0.0132 0.0310 0.0020 0.9489 0.0050
239 4 4 0.0075 0.0393 0.0010 0.9512 0.0010
240 4 4 0.0087 0.0170 0.0010 0.9723 0.0010
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KREST: Kalman filter Expert SysTem.
NFRMS: 240

ITraj: 10

# Rule KR MAP P1 P2 P3 P4 P5

1 1 1 0.9600 0.0100 0.0100 0.0100 0.0100
2 1 1 0.9600 0.0100 0.0100 0.0100 0.0100
3 1 1 0.9606 0.0096 0.0098 0.0101 0.0099
4 1 1 0.9654 0.0037 0.0076 0.0113 0.0121
5 1 1 0.9698 0.0034 0.0078 0.0067 0.0123
6 1 1 0.9701 0.0034 0.0074 0.0065 0.0126
7 1 1 0.9661 0.0045 0.0068 0.0091 0.0135
8 1 1 0.9664 0.0041 0.0073 0.0092 0.0131
9 1 1 0.9713 0.0041 0.0079 0.0076 0.0092

10 1 1 0.9785 0.0029 0.0065 0.0047 0.0074
11 1 1 0.9810 0.0020 0.0062 0.0042 0.0066 .
12 1 1 0.9840 0.0016 0.0057 0.0037 0.0050
13 1 1 0.9814 0.0014 0.0056 0.0051 0.0065 ".
14 1 1 0.9840 0.0010 0.0040 0.0060 0.0050
15 1 1 0.9729 0.0035 0.0065 0.0143 0.0028
16 1 1 0.9443 0.0048 0.0127 0.0349 0.0033 S
17 1 1 0.8549 0.0104 0.0314 0.1014 0.0019
18 1 1 0.9623 0.0048 0.0144 0.0163 0.0023
19 1 1 0.5690 0.1537 0.0617 0.2109 0.0047
20 1 1 0.8559 0.0454 0.0246 0.0680 0.0061
21 1 1 0.7071 0.0907 0.0463 0.1482 0.0078
22 1 1 0.4801 0.3525 0.0765 0.0855 0.0053
23 1 1 0.5734 0.2678 0.0715 0.0840 0.0033 .24 1 1 0.6592 0.1965 0.0615 0.0799 0.0029
25 1 1 0.7312 0.1511 0.0509 0.0644 0.0025 "'"
26 1 1 0.4846 0.2183 0.1197 0.1763 0.0010 •
27 1 1 0.6825 0.1060 0.0843 0.1261 0.0011
28 1 1 0,8209 0.0817 0.0306 0.0657 0.0010
29 1 1 0.8434 0.0717 0.0288 0.0551 0.0010
30 1 1 0.8353 0.0707 0.0358 0.0572 0.0010
31 1 1 0.8919 0.0244 0.0330 0.0497 0.0010
32 1 1 0.9225 0.0120 0.0276 0.0368 0.0010
33 1 1 0.9234 0.0094 0.0289 0.0373 0.0010
34 1 1 0.9379 0.0067 0.0251 0.0294 0.0010
35 1 1 0.8928 0.0044 0)0501 0.0517 0.0010
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36 1 1 0.9729 0.0011 0.0172 0.0078 0.0010

37 1 1 0.9616 0.0010 0.0207 0.0157 0.0010
38 1 1 0.9632 0.0010 0.0196 0.0153 0.0010
39 1 1 0.9661 0.0010 0.0182 0.0138 0.0010
40 1 1 0.9756 0.0010 0.0143 0.0081 0.0010
41 1 1 0.9833 0.0010 0.0102 0.0045 0.0010
42 1 1 0.9784 0.0017 0.0118 0.0070 0.0010

43 1 1 0.9845 0.0018 0.0079 0.0048 0.0010

44 1 1 0.9848 0.0010 0.0067 0.0063 0.0012

45 1 1 0.9656 0.0010 0.0190 0.0134 0.0010

46 1 1 0.9743 0.0010 0.0133 0.0105 0.0010
47 1 1 0.9723 0.0016 0.0160 0.0083 0.0019

48 1 1 0.9788 0.0010 0.0111 0.0077 0.0014
49 1 1 0.9718 0.0010 0.0156 0.0096 0.0020 -
50 1 1 0.9143 0.0026 0.0409 0.0399 0.0024
51 1 1 0.9135 0.0015 0.0527 0.0295 0.0028

52 1 1 0.9528 0.0010 0.0279 0.0169 0.0015
53 1 1 0.9802 0.0010 0.0133 0.0045 0.0011
54 1 1 0.9837 0.0010 0.0110 0.0032 0.0010

55 1 1 0.9727 0.0020 0.0203 0.0027 0.0023

56 1 1 0.9576 0.0032 0.0330 0.0023 0.0039

57 1 1 0.9737 0.0011 0.0200 0.0022 0.0029
58 1 1 0.9669 0.0010 0.0259 0.0024 0.0039
59 1 1 0.9764 0.0010 0.0180 0.0016 0.0030

60 1 1 0.9687 0.0011 0.0266 0.0012 0.0024
61 1 1 0.9709 0.0013 0.0232 0.0010 0.0036

62 1 1 0.9769 0.0010 0.0192 0.0010 0.0020 0
63 1 1 0.9739 0.0010 0.0217 0.0010 0.0024

64 1 1 0.9119 0.0093 0.0735 0.0028 0.0025

65 1 1 0.8546 0.0070 L.1285 0.0079 0.0020

66 3 3 0.1473 0.1622 0.6512 0.0381 0.0013 ."
67 3 3 0.0010 0.2396 0.6076 0.1509 0.0010 0
68 2 2 0.0010 0.6445 0,0945 0.2591 0.0010

69 2 2 0.0010 0.8671 U.0128 0.1181 0.0010

70 2 2 0.0010 0.8248 0.0020 0.1712 0.0010

71 2 2 0.0010 0.9406 0.0010 0.0564 0.0010

72 2 2 0.0010 0.7637 C.0010 0.2333 0.0010

73 2 2 0.0010 0.9177 0.0010 0.0793 0.0010

74 2 2 0.0010 0.9960 0.0010 0.0010 0.0010

75 2 2 0.0010 0.9959 0.0011 0.0010 0.0010 -

76 2 2 0.0015 0.9946 ().0014 0.0012 0.3013
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77 2 2 0.0017 0.9926 0.0010 0.0026 0.0021
78 2 2 0.0017 0.9919 0.0010 0.0033 0.0022
79 2 2 0.0015 0.9924 0.0010 0.0034 0.0017
80 2 2 0.0012 0.9934 0.0010 0.0033 0.0012
81 2 2 0.0017 0.9900 0.0010 0.0058 0.0015
82 2 2 0.0018 0.9886 0.0011 0.0069 0.0016
83 2 2 0.0032 0.9811 0.0018 0.0112 0.0027
84 2 2 0.0039 0.9762 0.0017 0.0153 0.0028
85 2 2 0.0055 0.9714 0.0020 0.0186 0.0026
86 2 2 0.0212 0.9265 0.0086 0.0286 0.0151
87 2 2 0.0560 0.8127 0.0197 0.0771 0.0346
88 2 2 0.0505 0.8238 0.0205 0.0677 0.0376
89 2 2 0.0463 0.8367 0.0273 0.0496 0.0401
90 2 2 0.0484 0.8355 0.0232 0.0478 0.0451
91 2 2 0.0409 0.8450 0.0176 0.0463 0.0501
92 2 2 0.0531 0.8334 b-0162 0.0490 0.0484
93 2 2 0.0670 0.8131 0.0186 0.0507 0.0506
94 2 2 0.0706 0.3860 0.0200 0.3697 0.1537
95 75 2 4 0.1128 0.2478 0.0275 0.4670 0.1449
96 75 2 4 0.2019 0.2431 0.0447 0.3299 0.1804
97 70 1 4 0.2585 0.2108 0.0509 0.2776 0.2023
98 1 1 0.3331 0.1561 0.0543 0.2630 0.1935
99 1 1 0.3822 0.1703 0.0528 0.2070 0.1878

100 1 1 0.4754 0.0932 0.0558 0.2103 0.1653
:01 1 1 0.5630 0.0496 0.0425 0.2292 0.1156
102 1 1 0.5609 0.0503 0.0388 0.2459 0.1041
1 03 4 4 0.0258 0.1840 0.0055 0.7532 0.0315
104 75 2 4 0.0747 0.2561 0.0168 0.5853 0.0671
105 4 4 0.0666 0.2206 0.0184 0.6319 0.0624
106 '5 2 4 0.1113 0.2496 0.0188 0.5528 0.0674
107 4 4 0.1072 0.1562 0.0221 0.6740 0.0405
108 4 4 0.1116 0.1117 0.0250 0.7129 0.0388
109 4 4 0.1175 0.0987 0.0255 0.7208 0.0376

110 4 4 0.1249 0.0759 0.0184 0.7320 0.0488 S.111 4 4 0.1285 0.0424 0.0180 0.7800 0.0312
2 4 4 .109 0.0267 0.0173 0.8254 0.0287 p

113 4 4 0.2038 0.0153 0.0229 0.7074 0.0505
114 4 4 0.2312 0.0110 0.0218 0.6874 0.0487
115 4 4 0.1102 0.0032 0.0125 0 8353 0.0387
116 4 4 0.0658 0.0032 03096 0.8962 0.0253
117 4 4 0.0343 0.0018 '.0084 0.9452 0.0134
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118 4 4 0.0020 0.0096 0.0043 0.9830 0.0010
119 4 4 0.0036 0.0168 0.0095 0.9686 0.0014
120 4 4 0.0016 0.0164 0.0082 0.9727 0.0011
121 4 4 0.0010 0.0175 0.0062 0.9744 0.0010
122 4 4 0.0010 0.0112 0.0060 0.9808 0.0010
123 4 4 0.0016 0.0216 0.0086 0.9668 0.0013
124 4 4 0.0013 0.0242 0.0130 0.9597 0.0017
125 4 4 0.0010 0.0143 0.0119 0.9718 0.0010
126 4 4 0.0010 0.0142 0.0103 0.9735 0.0010
127 4 4 0.0022 0.0056 0.0109 0.9799 0.0014
128 4 4 0.0010 0.0025 0.0212 0.9743 0.0010 4.

129 4 4 0.0010 0.0023 0.0180 0.9778 0.0010
130 4 4 0.0010 0.0015 0.0152 0.9813 0.0010
131 4 4 0.0010 0.0012 0.0171 0.9797 0.0010
132 4 4 0.0012 0.0010 0.0197 0.9762 0.0019
133 4 4 0.0011 0.0010 0.0161 0.9806 0.0011
134 4 4 0.0010 0.0010 0.0178 0.9792 0.0010

135 4 4 0.0010 0.0010 0.0155 0.9815 0.0010
136 4 4 0.0010 0.0010 0.0148 0.9819 0.0012
137 4 4 0.0012 0.0010 0.0121 0.9846 0.0012
138 4 4 0.0011 0.0010 0.0116 0.9850 0.0013
139 4 4 0.0013 0.0013 0.0121 0.9837 0.0016
140 4 4 0.0010 0.0015 0.0140 0.9815 0.0020
141 4 4 0.0022 0.0029 0.0223 0.9680 0.0046
142 4 4 0.0010 0.0069 0.0519 0.9392 0.0010
143 4 4 0.0010 0.0118 0.0323 0.9539 0.0010
144 4 4 0.0010 0.0077 0.0045 0.9858 0.0010 0
145 4 4 0.0010 0.0044 0.0017 0.9919 0.0010
146 4 4 0.0010 0.0039 0.0010 0.9931 0.0010
147 4 4 0.0010 0.0024 0.0010 0.9946 0.0010
148 4 4 0.0010 0.0018 0.0010 0.9952 0.0010
149 4 4 0.0010 0.0017 0.0010 0.9954 0.0010 .
150 4 4 0.0010 0.0010 0.0010 0.9960 0.0010 V
151 4 4 0.0010 0.0010 0.0012 0.9958 0.0010"
151 4 4 0.0010 0.0010 0.0012 0.9958 0.0010
152 4 4 0.0010 0.0010 0.0023 0.9947 0.0010
153 4 4 0.0010 0.0010 0.0025 0.9945 0.0010 '
154 4 4 0.0010 0.0011 0.0034 0.9935 0.0010
155 4 4 0.0010 0.0022 0.0044 0.9914 0.0010 ,K.'..

156 4 4 0.0010 0.0010 C.0080 0.9890 0.0010
157 4 4 0.0010 0.0022 0.0112 0.9847 0.00:0
158 4 4 0,0010 0.0029 0.0246 0.9705 0.3010
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159 4 4 0.0010 0.0039 0.0309 0.9632 0.0010
160 4 4 0.0010 0.0010 0.0189 0.9781 0.0010
161 4 4 0.0010 0.0010 0.0177 0.9793 0.0010
162 4 4 0.0398 0.0010 0.0017 0.9371 0.0204
163 4 4 0.0124 0.0010 0.0020 0.9757 0.0088
164 4 4 0.0076 0.0013 0.0083 0.9796 0.0032
165 4 4 0.0010 0.0010 0.0100 0.9870 0.0010
166 4 4 0.0010 0.0O1C 0.0099 0.9871 0.0010
167 4 4 0.0010 0.0010 0.0082 0.9888 0.0010
168 4 4 0.0024 0.0010 0.0123 0.9823 0.0020
169 4 4 0.0030 0.0010 0.0131 0.9806 0.0022
170 4 4 0.0036 0.0010 0.0156 0.9774 0.0023
171 4 4 0.0010 0.0044 0.0047 0.9889 0.0010
172 4 4 0.0028 0.0086 0.0053 0.9807 0.0026
173 4 4 0.0049 0.0069 0.0053 0.9792 0.0037 .'.

174 4 4 0.0076 0.0065 0.0040 0.9766 0.0053
175 4 4 0.0086 0.0058 0.0043 0.9749 0.00640
176 4 4 0.0128 0.0035 0.0038 0.9714 0.0084
177 4 4 0.0111 0.0032 0.0032 0.9753 0.0072
178 4 4 0.0118 0.0029 0.0031 0.9760 0.0062
179 4 4 0.0165 0.0020 0.0038 0.9703 0.0075
180 4 4 0.0564 0.0088 0.0086 0.9026 0.0237
181 4 4 0.0914 0.0091 0.0100 0.8546 0.0350
182 4 4 0.0882 0.0042 0.0100 0.8744 0.0233
183 4 4 0.0699 0.0051 0.0113 0.8938 0.0198
184 4 4 0.0711 0.0023 0.0116 0.8950 0.0201
185 4 4 0.0420 0.0019 0.0108 0.9276 0.0177
186 4 4 0.0123 0.0044 0.0056 0.9698 0.0079
187 4 4 0.0330 0.0049 0.0124 0.9342 0.0156
188 4 4 0.0271 0.0053 0.0127 0.9446 0.0103
189 4 4 0.0059 0.0015 0.0067 0.9838 0.0020

kp190 4 4 0. 0098 0.0010 0.0104 0.9755 0.0034 0
191 4 4 0.0272 0.0011 0.0145 0.9496 0.0075
192 4 4 0.0326 0.0025 0.0277 0.9212 0.0161
193 4 4 0.0184 0.0028 0.0376 0.9253 0.0159
194 4 4 0.0197 0.0022 0.0384 0.9302 0.0095
195 4 4 0.0358 0.0010 0.0470 0.9035 0.0127
196 4 4 0.0323 0.0010 0.0657 0.8819 0.0192
197 4 4 0.0867 0.0014 0.1242 0.7659 0.0218
198 4 4 0.1141 0.0012 0.1103 0.7543 0.0200
199 4 4 0.1333 0.0010 ).1140 0.7340 0.0177
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200 4 4 0.2108 0.0010 0.1242 0.6330 0.0310
201 4 4 0.2210 0.0010 0.1170 0.6362 0.0248
202 70 1 4 0.2579 0.0011 0.1392 0.5701 0.0317
203 25 1 4 0.3325 0.0010 0.1475 0.4813 0.0376
204 70 1 4 0.3145 0.0010 0.1508 0.5061 0.0277
205 25 1 4 0.3635 0.0010 0.1323 0.4759 0.0273 0
206 1 1 0.5153 0.0010 0.1372 0.3075 0.0390 V -%

207 1 1 0.5818 0.0010 0.1221 0.2460 0.0491 '
208 1 1 0.6081 0.0010 0.1115 0.2323 0.0471
209 1 1 0.6205 0.0020 0.1036 0.1794 0.0945
210 1 1 0.6577 0.0021 0.1077 0.1008 0.1316 0
211 1 1 0.7099 0.0020 0.0555 0.1168 0.1158
212 1 1 0.7370 0.0027 0.0527 0.0867 0.1209
213 1 1 0.7758 0.0023 0.0456 0.0635 0.1128
214 1 1 0.8118 0.0018 0.0380 0.0499 0.0986
215 1 1 0.8051 0.0031 0.0409 0.0300 0.1208
216 1 1 0.8094 0.0033 0.0364 0.0138 0.1372 -

217 1 1 0.8352 0.0016 0.0327 0.0126 0.1179
218 1 1 0.5245 0.0026 0.0388 0.0069 0.4272
219 1 1 0.5894 0.0010 0.0212 0.0076 0.3809
220 1 1 0.6357 0.0010 0.0183 0.0053 0.3397
221 1 1 0.5752 0.0013 0.0134 0.0042 0.4058 0
222 1 1 0.6182 0.0011 0.0133 0.0037 0.3637
223 1 1 0.5853 0.0012 0.0133 0.0019 0.3984
224 1 1 0.5840 0.0011 0.0094 0.0010 0.4045
225 1 1 0.5818 0.0011 0.0092 0.0010 0.4069
226 65 1 5 0.3445 0.0015 0.0047 0.0010 0.6483
227 65 1 5 0.3395 0.0013 0.0042 0.0010 0.6541
228 25 1 5 0.4016 0.0011 0.0029 0.0010 0.5935
229 1 1 0.5802 0.0010 0.0032 0.0011 0.4145
230 1 1 0.6005 0.0689 0.0052 0.0523 0.2731
231 1 1 0.5457 0.0769 0.0048 0.0351 0.3376

232 1 1 0.5858 0.0668 0.0044 0.0352 0.3077
233 1 1 0.6405 0.0631 0.0024 0.0021 0.2919

234 1 1 0.6870 0.0478 0.0021 0.0012 0.2619
235 1 1 0.6911 0.0451 0.0020 0.0010 0.2608
236 1 1 0.7271 0.0344 0.0018 0.0010 0.2357
237 1 1 0.7449 0.0304 0.0017 0.0010 0,2220
238 1 1 0.7712 0.0186 0.0017 0.0010 0.2075
239 1 1 0.4911 0.3329 0.0012 0.0230 0.1518
240 2 2 0.4177 0.4391 0.0010 0.0231 0.1191
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Appendix F. FORTRAN and C-based Computer Program Listings. ,,,

A- copy' of the Multiple Model Adaptive Filter FORTRAN prograin and the .

C-base, SUN Workstation graphics programs are retained at AFIT/ENG. \VPAFB.
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Appendix G. KREST P'rogram istirn.

A copy of the OPS-,5 KREST computer program is retained at AIT/ENG.

VPAFB, OH. 
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Appendix H. KREST Expert Rules.
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Kalman Filter Residual Expert Rules

; (POC - Probability of Correctness) 0

If the best filter is in the X- or Y-direction and there

is significant POC associated with the narrow filter and

; that POC level is rising, then go with the narrow filter.

IF Best=4 or 5 and P1 > 0.3 and

P1 is increasing. THEN Goto 1

(p Rule25

(Best -val << 4 5 >>)

(PI ^val > 0.3)

(Pl-Increasing -val t)

-(KREST-Best) r

(make KREST-Best -val 1)

(make Rule -val 25)
9.
',/9
,o

If the best filter has been the medium maneuver/narrow view

view filter for a while and the new best filter is the wide

view filter, but the wide view filter's POC level isn't too

large and the narrow filter's POC level isn't too small,

stick with the medium maneuver/narrow view filter. 9.9

IF Best=3 for last 3 or more and the '"

new Best=2 and P2 < 0.7 and P3 > 0.2 THEN Stay 3

(p Rule3O

(Last3 -val 3)

(Best -val 2) .

(P2 -val < 0.7) . .

(P3 -val > 0.2)

- (KREST-Best)
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(make KREST-Best -val 3)
(make Rule -val 30) IN

If there is confusion over whether the X-direction or

Y-direction filter can do a better job, and there is

sufficient POC associated with the narrow view filter,

then go with that narrow view filter.

IF P4 > 0.25 and P5 > 0.25 and P1 > 0.18 THEN Goto 1

(p Rule35
(P4 -val > 0.25)

(P5 -val > 0.25)

(P1 val > 0.18)

-(KREST-Best)

(make KREST-Best -val 1)
(make Rule -val 35)

14

If the medium manuever/narrow view filter is the best,
but the no manuever/narrow view filter has a high enough

POC level and that POC level is increasing, then go with

the no manuever/narrow view filter.
S

IF Best=3 and P1 > (P3 * 0.5) and
P1 is increasing. THEN Goto 1

(p Rule40

(Best -val 3) S

(Pl-Is-Greater-Than-Half-Of-P3 -val t)

(Pl-Increasing val t)

-(KREST-Best)

(make KREST-Best ^val 1) •

(make Rule -val 40)

If the no manuever/narrow view filter has been the
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best for a while and suddenly the medium manuever/narrow -

;view and Y-direction filters have large POC levels, then A

go to the wide view filter. .

• IF Best-1 for last 4 and P3 > 0.2 THEN Goto 2

,a

and P5 > 0.4

(p Rule45 .,

(Last4 -val 1)(P val > 0.2)

(P5 -val > 0.4)

- (KREST-Best)

(make KREST-Best -val 2)
(make Rule ^val 45)

If the no manuever/narrow view filter has been the
best for a while and suddenly the medium manuever/narrow

view and X-direction filters have large POC levels, then

go to the wide view filter. Ire

' IF Best=1 for last 4 and P3 > 0.2 THEN Goto 2

and P4 > 0.4

(p Rule5O

(Last4 'val 1)
(P3 -val > 0.2)
(P4 ^val > 0.4)

- (KREST-Best) .a,

(make KREST-Best -val 2)
(make Rule -val 50)

If the best filter has a wide view, but the medium

manuever/narrow view filter has sufficient POC level

associated with it, then go to the medium manuever/ a-

narrow view filter.
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IF Best=2 and P3 > 0.25 THEN Goto 3 -

(p Rule55 
,( B e s t -v a l 2 )" 
''(P3 -val > 0.25)

-(KREST- Best)
(make KEST-Best val 3)(make Rule val 

55)

If the best filter has been the narrow view filter

;for a while and it still has a sufficient POC level
;assoicated with it, even if the new best filter isextended in the X- or Y-direction, stick with the
narrow view filter.

; IF Best=1 for last 3 or more and P1 > 0.3
; and the new Best4 or 5 THEN Goto 1 .

(p Rule65 
<(Last3 -val 1) 
%

(P3 ^val > 0.3)(Best val << 4 5 >>)'.
- (KREST-Best)

(make KREST-Best 
-val 3)(make Rule -val 

65)

; If the system is confused about whether the X- or
Y-direction filter is better, (and there isn't muchPOC associated with the medium maneuver/narrow view 

'.filter), and the narrow filter is better than the

;wide view filter, and the narrow filter has a POC%level that's large enough, then o with the narrow

afilter.
IF Best=4 or 5at 3 o mor and P1 < 0.3
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P5 < 0.6 and P3 < 0.2 and -
; PI > 0.1 and PI > P2 THEN Goto 1 .

(p Rule70
(Best -val << 4 5 >>) --

(P4 -val < 0.6) -
(P5 val < 0.6)
(P3 val < 0.2)

(P1 -val > 0.1)
(Pl-Greater-Than-P2 ^val t)

- (KREST-Best)

(make KREST-Best -val 1)
(make Rule val 70)

5%,

If the system is confused about whether the X- or
Y-direction filter is better, (and there isn't much POC
associated with the medium maneuver/narrow view filter),
and the wide view filter is better than the narrow filter, 4N
and the wide view filter has a POC level that is large 0
enough, then go with the wide view filter.

IF Best=4 or 5 and P4 < 0.6 and
P5 < 0.6 and P3 < 0.2 and
P2 > 0. 1and P2 > P1 THEN Goto2 

(p Rule75

(Best -val << 4 5 >>)
(P4 -val < 0.6) %) N

(P5 -val < 0.6) 0
(P3 "val < 0.2) .-

(P2 "val > 0.1)
(Pl-Greater-Than-P2 -val nil)

- (KREST-Best)

(make KREST-Best -val 2)
(make Rule "val 75)
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Block 18 (continued) Pilct's Associate

Block 19 (continued)

The Pilot's Associate (PA) Proaram has been initiated to
help mitiqate the extensive workload of the fighter pilct.
To operate effectively, the PA system must have situation
awareness: the status of important on-board and off-board
systems. This knowledae is gained throuch sensor systems.
The data from these systems must be "fused" together to
present the PA with a coherent picture of the internal

• " (on-board) and external (off-board) states. Although many
types of information can be extracted fran sensor data, this
paper emphasizes those parauneters that help determine target
track. One common technique for fusing sensor data uses
Kalman filters. In a multiple model adaptive filter (MPF)
system, the mcst appropriate Kalman filter is chosen. This
filter provides the "best" estimates of the desired states.

An operating MMAF system continually selects which filter
to use as the basis for the state estimates. The overall
accuracy of the system is closely related to how well the
filters are selected. Previous filter selection techniques
have proved useful, but limited. To overcome some of these
limitations, an expert system, KREST, was developed so that
expert rules could be used to select filters. Although nc
quantitative estimate of improvement is available, the MMPF
expert stated tht KREST exhibited a potentially significant
improvement over the previously used filter selection
techniques.

-0&



4

-----------------------------
~ 

~ v ~ 

*~ I.

DWFF
*4

EILMY~D
'S

-

I

d.

V w w w w 
-

-
-

S. S~ *~ ~P 
* 

-

.5 ~ *~~~'-..'V**.' 
~-'--.'*. 

*S..*. - * ~*


